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Background: Surgical site infection (SSI) remains one of the common 
healthcare-associated infections, affecting one third (31%) of hospitalised 
patients who were consequently burdened with higher healthcare costs. SSI after 
closure of enterostoma is 2.4 times more at risk because of higher bacterial loads 
in the mucosa and subcutaneous fat at the site of incision. Despite the increased 
risk of SSIs, detection was often delayed due to inconclusive evidence of 
effectiveness of surgical wound assessment tools. Additionally, nurses within 
their clinical practice also had differing perceptions and assessment approaches 
in detecting SSIs. Amongst the signs and symptoms, the sensation of ‘heat’ on 
the surgical wound is felt by patients after surgery. However, knowledge of heat 
assessment and interpretation to distinguish between infected and non-infected 
abdominal surgical wounds during this phase was lacking.  
Aim: This study aimed to elucidate the infrared thermal patterns and temperature 
readings of surgical wound surfaces for detection of infection in the first four 
days after surgery. 
Methods: This was a nurse-led, two-phase study based on a prospective 
observational design to examine a series of events in their natural settings. Phase 
I examined the differences in abdominal skin surface temperatures of healthy 
participants with good skin integrity at a distance of 30 cm, 60 cm and 100 cm 
and the differences in abdominal skin surface temperature for patients as 
stratified by weight (underweight, normal/ pre-obese and obese). Phase II 
elucidated the highest, lowest and the median abdominal skin surface 
temperature readings of the non-infected and infected surgical wounds in the 
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first four days after abdominal surgery, followed by establishing their infrared 
thermal patterns for the same period.  
Results: In phase I, Friedman test conducted on 30 participants indicated a 
statistically significant difference in temperature (umbilicus) taken at 30 cm, 60 
cm and 100 cm, χ2 (2, n = 30) = 54.1, p < 0.005. The mean and median values 
showed a decrease in temperature from 30 cm (Mean: 35.90C, Median = 360C, 
IQR = 35.2-36.50C) to 60 cm (Mean: 35.60C, Median = 35.70C, IQR = 34.9-
36.30C) and a further decrease at 100 cm (Mean: 35.30C, Median 35.40C, IQR = 
34.6-36.10C). Kruskal-Wallis test showed a decreasing trend in temperature as 
BMI increased in each of the nine anatomical regions. On average, obese 
subjects had the lowest mean and median abdominal temperature compared to 
the underweight and normal weight/ pre-obese participants but not statistically 
significant (p > 0.05). In phase II, Friedman test was conducted on both infected 
and non-infected surgical wounds showed a significant increase in wound 
temperature at Days 1 to 4, χ2 (4, n = 12) = 14.8, p < 0.005. On comparison, both 
participants with non-infected (n = 45) and with infected (n = 15) surgical 
wounds showed no statistical difference in the temperature readings on Day 0 
(immediately after surgery), Day 3 and Day 4 after surgery. However, significant 
differences in the highest surgical wound temperature readings were found 
between the two groups on Day 1 (U = 211.5, Z = -2.15, p = 0.03, r = 0.27), and 
Day 2 after surgery (U = 220.0, Z = -2.01, p = 0.04, r = 0.25). There were also 
significant differences in the median surgical wound temperature readings on 
Day 1 after surgery (U = 216, Z = -2.07, p = 0.03, r = 0.26) and Day 2 after 
surgery (U = 171.5, Z = -2.83, p = 0.005, r = 0.36) between the infected and non-
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infected abdominal surgical wounds. A significant difference in the lowest 
surgical wound temperature readings on Day 2 after surgery (U = 185.5, Z = -
2.59, p = 0.009, r = 0.33) was also reported. Two distinct features for an infected 
surgical wound could be suggested from the infrared thermal images by Day 2. 
First, was the partial warming of the skin surrounding the surgical incision and 
second was the manifestation of ‘cold’ spots/ area in infected surgical wounds. 
This was a distinct difference from a non-infected surgical wound. 
Discussion: Clinically, heat is generated due to increased blood flow to the 
surgical wound to supply nutrients and oxygen to promote wound healing. 
Neutrophil is also released for phagocytic activities within the first 48 hours after 
surgery. Therefore, it explained the increasing trend in the temperature readings 
of both infected and non-infected surgical wounds. A significant higher 
temperature readings at Day 1 and Day 2 after surgery in non-infected surgical 
wound was noted compared to the infected surgical wound. However, similar 
temperature trend was not observed in infected surgical wound suggesting 
possible inadequate blood supply to the infected surgical site. The absence of 
heat was visible in the infrared thermal images as 'cold' spot (purple, blue or 
green) which possibly locate the site for poor blood supply, which supply lower 
oxygen and nutrient essential for wound healing. This explained why infected 
surgical wound had lower temperature and infrared thermal pattern with ‘cold’ 
spots than non-infected surgical wound. 
Conclusion: In Phase 1, the differences in abdominal skin surface temperature 
readings were examined at distances of 30 cm, 60 cm and 100 cm. The finding 
suggested that the temperature detected by the infrared thermal camera was 
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significantly lower than the actual reading with increasing distance due to 
transmission loss. Within the same phase, lower abdominal skin surface 
temperature readings, although not statistically significant, were also noted 
among patients with a higher BMI due to thicker adipose tissue layers. In Phase 
2, the temperature readings for both infected and non-infected surgical wounds 
had shown an increasing trend in the first four days after surgery. However, 
infected surgical wound did not show a higher temperature reading than the non-
infected surgical wound as hypothesized, with significant differences in 
temperature on Days 1 and 2, suggesting that the infected surgical wound might 
not be receiving sufficient blood supply. A surgical wound with poor blood 
supply was seen as ‘cold’ within the infrared thermal images represented by 
purple, blue and green colours. Nevertheless, though this study suggested that 
lower temperature and the presence of ‘cold’ areas (in infrared thermal images) 
in the first four days could possibly detect SSI, further research on larger sample 
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ANOVA Analysis of variance 
Df Degrees of freedom 
F Computed value of one-way repeated measure ANOVA 
F Frequency 
IQR Inter-quartile range 
N Total number in a sample 
N Number in a sub-sample 
P Probability 
R Calculated value of effect size in Mann-Whitney U test 
SD Standard deviation 
χ2 Computed value of chi-square test 
Z Computed value of Mann-Whitney U test 
Α Absorbance 
Cm Centimetre 













ACS-NSQIP American College of Surgeons National Surgical Quality 
Improvement Program 
BMI Body Mass Index 
CDC Centers for Disease Control and Prevention 
CRC Colorectal Cancer 
CRP C-reactive Protein 
CSV Comma-separated Values 
HTC High Thermal Contrast 
IL-1 Interleukin-1 
IL-6 Hepatocyte Stimulating Factor 
IQR Inter-quartile Range 
MIA Multivariate Image Analysis 
NETD Noise Equivalent Temperature Difference 
NICE National Institute for Health and Care Excellence 
PEG Percutaneous Endoscopic Gastrostomy 
SSI Surgical Site Infection 





Infection Invasion of the host organism by microorganisms that can 
cause pathological conditions or diseases [MeSH term] 
Infrared rays That portion of the electromagnetic spectrum usually 
sensed as heat. Infrared wavelengths are longer than those 
of visible light, extending into the microwave frequencies 
[MeSH term] 
Keratin A class of fibrous proteins or scleroproteins that 
represents the principal constituent of epidermis, hair, 
nails, horny tissues, and the organic matrix of tooth 
enamel [MeSH term] 
Peritonitis Inflammation of the peritoneum lining the abdominal 
cavity as the result of infectious, autoimmune, or chemical 
processes [MeSH term] 
Peritoneal 
neoplasm 
Tumors or cancer of the peritoneum [MeSH term] 
Radiation Emission or propagation of acoustic waves (sound), 
electromagnetic energy waves (such as light, radio waves. 
Gamma waves, gamma rays or X rays) [MeSH term]  
Skin temperature The temperature at the outer surface of the body [MeSH 
term] 
Stoma Artificial openings created by a surgeon for therapeutic 
reasons. Most often this refers to openings from the 
gastrointestinal tract through the abdominal wall to the 
outside of the body. It can also refer to the two ends of a 
surgical anastomosis [MeSH term] 
Terminally ill Persons with an incurable or irreversible illness at the end 









Thermography  Imaging the temperatures in a material, or in the body or 
an organ. Imaging is based on self-emanating infrared 
radiation (heat waves), or on changes in properties of the 
material or tissue that vary with temperature, such as 
elasticity; magnetic field; or luminescence [MeSH term] 

























PUBLICATIONS AND PRESENTATIONS 
 
Publications 
 Journal of Wound Care (JWC) – submitted and published  
Siah, C. J., & Childs, C. (2015). Thermographic mapping of the abdomen 
in healthy subjects and patients after enterostoma. Journal of Wound 
Care, 4(3), 114-120. doi: 10.12968/jowc.2015.24.3.112. 
 
Poster presentations 
 Presented for 2nd NUS-NUH International Nursing Conference on 21-
23 November 2013 
‘An observational study on the temperature distribution and patterns on 
non-infected surgical site using infrared (IR) thermography’ 
 
 Presented for 19th Asian Congress of Surgery & 1st  SingHealth Surgical 
Congress on 18-23 August 2013 
‘Methodological Approach to Measure Healthy Abdominal Skin Surface 
Temperature using Infrared Thermography’ 
 
Oral presentations 
 Presented in U21 Health Sciences Doctoral Student Forum: UCD Dublin 
on 2 September 2013 
‘Methodology in healthy subjects and wound infection surveillance in 
patients after closure of enterostoma using infrared thermography: a 
preliminary result’ 
  
 TRENDS seminar presentation in National University of Singapore on 6 
October 2011 










Background of the Study 
With the availability of advanced medical technology, it was estimated that 
11% of diseases can be treated with surgery (Ozgediz, Jamison, Cherian & 
McQueen, 2010). In 2008, the World Health Organisation (WHO) has 
estimated the number of operations performed annually to be between 187.2 
million and 281.2 million cases (Weiser, Regenbogen, Thompson, Haynes, 
Lipsitz, Berry, & Gawande, 2008). This translated into approximately one in 
every 25 human beings undergoing surgery inclusive of colorectal surgical 
procedures.  
 
For the past 40 years, the number of colorectal surgery in Singapore has 
elevated because of its associated diseases such as colorectal cancer (CRC) and 
diverticular diseases (Health Promotion Board, 2014). The incidence of CRC 
for Singaporeans has an average annual increase of 2.0% and remained as the 
most common cancer to date (Choo, Koh, & Pang, 2014). The prevalence of 
diverticula in the colon has also increased substantially by a record of 10% 
resulting in an increased number of related surgeries (Stollman, & Raskin, 
2004; Lee, 1986).  Despite its improvement of the prognosis and outcomes of 
CRC and its great clinical utility, colorectal surgery may result in concomitant 
clinical complications. Surgical site infection (SSI) is one of the highest 
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nosocomial infections after colorectal surgery because of the heavy bacterial 
load of the colon and rectum ranging from 5.0% to 26%  (Kobayashi, Mohri, 
Inoue, Okita, Miki, & Kusunoki, 2008; Nakamura, Mitomi, Ihara, Onozato, 
Sato, Ozawa, Hatade, &Watanabe, 2008; National Nosocomial Infections 
Surveillance System, 2004; Smith, Bohl, McElearney, Friel, Barclay, Sawyer, 
& Foley, 2004; Tang, Chen, Wang, Changchien, Chen, Hsu, Chiang, & Wang, 
2001). Most of the colorectal related surgery involved the creation of a 
temporary enterostoma which is a diversion of the intestine wherein the 
proximal portion of the intestine is brought up to the skin surface to drain the 
faecal stream away from a protective anastomosis (Corbett & Milne, 2003). 
After a minimum period of six weeks, the distal end of the temporary 
enterostoma is subsequently recovered for re-anastomosis and the skin is 
closed to form a surgical wound (Block & Moossa, 1994). This surgical 
procedure is referred to as an enterostoma closure and poses the highest risk of 
developing SSIs at an odds ratio of 7.3, causing SSIs to become one of the 
most closely-monitored healthcare-associated infections in healthcare settings 
(Konishi, Watanabe, Kishimoto, & Nagawa, 2006).  
 
Incidences of SSIs after Enterostoma Closure 
 In the literatures, the incidence of SSIs after enterostoma closures among 
adults above 18 years old has variously been reported to be 6.8% (Chu, 
Schlieve, Colibaseanu, Simpson, Wagie, Cima, & Habermann, 2015), 23.5% 
(Shin, Masaaki, Masanori, Akihiro, Yusuke, Norio, 2011) and 36% (Liang, Li, 
Avellaneda, Moffett, Hicks, & Awad, 2013). Such wide discrepancies might be 
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related to several factors, one of which was the differences in the definitions 
used to diagnose SSIs in the studies (Harold, Johnson, Rizzo, & Steele, 2010). 
Despite using the same definitions for SSIs, noticeable variability in the 
incidence continued to be reported (Marquez, Christoforidis, Abraham, 
Madoff, & Rothenberger, 2010; Reid, Pockney, Pollitt, Draganic, & Smith, 
2010). This variability might be attributed to the different closure techniques of 
the wounds adopted in the studies. It has been found that abdominal surgical 
wounds closed by primary intention were at a higher risk of SSIs after stoma 
reversal compared to other closure techniques such as purse-string wound 
closure and circumferential subcuticular wound closure (Lee, Marquez, Clerc, 
Gie, Demartines, Madoff, Rothenberger, & Christoforidis, 2014; Milanchi, 
Nasseri, Kidner, & Fleshner, 2009). Other than the difference in closure 
techniques, the type of enterostoma could also affect the incidence of SSIs, 
with the closure of colostomy-mediated enterostomas being reported to have a 
higher incidence compared to that of ileostomy-mediated ones because of 
higher bacterial counts in the colon (Liang et al., 2013). Nonetheless, the high 
incidence of SSIs after enterostoma closures remained a concern, given its 
clinical impact and consequences. 
 
Impact and Consequences of SSIs after Enterostoma Closure  
 SSIs have repeatedly been reported to be one of the common healthcare-
associated infections, affecting almost one third (31%) of hospitalised patients 
who were consequently burdened with greater healthcare costs associated with 
more medical interventions and higher healthcare maintenance (Centers for 
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Disease Control and Prevention, 2015; DiPiro, Martindale, Bakst, Vacani, 
Watson, & Miller, 1998). Even after being discharged, patients with SSIs still 
need additional healthcare resources for wound treatment compared to those 
without SSIs. Perencevich et al. (2003) indicated that patients diagnosed with 
SSIs required longer home health services (p=.009), higher skilled nursing 
services (p=.09) and longer antibiotic treatments (p<.001), leading to additional 
charges of up to USD$2,573 compared to those without SSIs (Perencevich, 
Sands, Cosgrove, Guadagnoli, Meara, & Platt, 2003). A study conducted in 
United States hospitals reported that the median additional length of stay 
attributed to SSIs ranged from 2 to 47 days and an additional cost of USD$880 
to USD$31,517 for treating an infected surgical wound mainly incurred by 
wound care management, antibiotics and additional outpatient healthcare 
services (Boltz, Hollenbeak, Julian, Ortenzi, & Dillon, 2011; de Lissovoy, 
Fraeman, Hutchins, Murphy, Song, Vaughn, 2009; Eagye & Nicolau, 2009; 
Coello, Charlett, Wilson, Ward, Pearson, & Borrello, 2005; Coskun, Aytac, 
Aydinli, & Bayer, 2005). 
 
Besides having to shoulder more burdensome healthcare costs, patients with 
SSIs also suffered from associated debilitating effects such as prolonged pain, 
reduced physical function and decreased sleep quality. These effects 
compromise their abilities to resume their normal daily activities and to return 
to the workforce (Andersson, Bergh, Karlsson, & Nilsson, 2010; McCarberg, 
Nicolson, Todd, Palmer and Penles, 2008). Cahill et al. (2008) reported a 
significant difference between the mean scores of quality of life (QoL), pain 
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and physical function between patients with and without SSIs and found that a 
decreased QoL was associated with pain (R2=0.311,  p<.0005) and reduced 
physical function (R2=0.325, p<.0005) (Cahill, Shadbolt, Scarvell, & Smith, 
2008). The resultant poorer mental health and social relationships amongst the 
patients with SSIs led to an overall decrease in the QoL and poorer 
psychosocial outcomes compared to those without SSIs.  
 
Classification of Abdominal Surgical Wounds after Closure of 
Enterostoma 
With an increasing number of surgical procedures associated with infections of 
different risk levels, the wound classification system has been established to 
evaluate the wound outcomes based on the degree of bacterial contamination at 
the time of surgery. The classification of surgical wounds was based on the 
American College of Surgeons, National Surgical Quality Improvement 
Program (ACS-NSQIP) system and adapted by the Centers for Disease Control 
and Prevention in 1985 (Ortega, Rhee, Papandria, Yang, Ibrahim, Shore, 
Makary, & Abdullah, 2012). In this system, the abdominal surgical wounds 
were classified into clean, clean/contaminated, contaminated and dirty 
abdominal surgical wounds to distinguish the risk level of SSIs. Abdominal 
surgical wounds not involving internal organs thus classified as clean refer to 
uninfected surgical sites performed under controlled conditions without 
unusual contamination and were reported to have infection rates up to 5.0% 




The clean/contaminated abdominal surgical wounds included uninfected 
wounds without evidence of infection or a major breach in the sterile 
technique. Nevertheless, such surgical sites were 2.4 times more at risk of SSIs 
during surgery compared to clean abdominal surgical wounds because of 
higher bacterial loads in the mucosa and subcutaneous fat at the site of incision 
(Ortega et al., 2012). They included the genitals, the urinary tracts and the 
alimentary tract including the colon (Centers for Disease Control and 
Prevention, 2015). A study reported that SSIs affected more than 50% of 
patients with clean/contaminated wounds compared to those with clean 
abdominal surgical wounds, despite the routine use of prophylactic antibiotics 
(Kaya, Yetim, Dervisoglu, Sunbul, & Bek, 2006). This was because 
clean/contaminated and dirty abdominal surgical wounds involved a colonised 
viscus or cavity with a higher level of contaminants from within the patient, 
which increased the risk of spillage and cross-contamination during surgery, 
compared to clean abdominal surgical wounds. Enterostoma closures fell into 
this category because of the high risk of cross-contamination of colonic 
bacteria when reconnecting the two ends of the intestines (Harold et al., 2010; 
Pokorny, Herkner, Jakesz, & Herbst, 2005). The risk of septicaemia resulting 
from cross-contamination of bacteria during enterostoma closures is 19.4% 
(Chu et al., 2015). Common bacteria residing at the surgical wound after 
enterostoma closures are Enterococcus and Escherichia coli (Siah, & Yatim, 
2011). Among the abdominal surgical wounds, clean/contaminated abdominal 




Contaminated abdominal surgical wounds were open, fresh, accidental wounds 
with major breaches in the sterile technique such as gross spillage from the 
gastrointestinal tract and non-purulent inflammation with an infection rate of 
up to 27 % (Ortega, 2012). The last category was dirty abdominal surgical 
wounds in which existing clinical infections such as abscesses were diagnosed 
prior to surgery and were 2.7 times more at risk of infection as compared to 
clean abdominal surgical wounds (Centers for Disease Control and Prevention, 
2015; Ortega et al., 2012).  
 
Assessment of SSIs after Closure of Enterostoma 
To date, two established tools, the ASEPSIS scoring system and the United 
States (US) Centers for Disease Control (CDC) criteria were available for the 
assessment of SSIs (Siah, & Childs, 2012). The ASEPSIS scoring system was 
originally developed as an assessment tool based on cardiothoracic wounds. It 
was simplified acronym for ‘Additional treatment’, ‘Serous discharge’, 
‘Erythema’, ‘Purulent exudate’, ‘Separation of deep tissues’, ‘Isolation of 
bacteria’ and ‘Stay as inpatient prolonged over 14 days’. Each component 
provided a numerical score relating to the severity of wound infection, which 
was subsequently totalled up to provide a final score. Based on this final score, 
the surgical wound status were categorised, with 0–10 considered as 
satisfactory healing, 11–20 as disturbance of healing, 21–30 as minor wound 
infection and 31–40 as moderate wound infection. Any score above 40  
indicated a severe wound and the ASEPSIS scoring system has been reported 
to have a good inter-rater reliability of 0.96 infections (Wilson, Treasure, 
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Sturridge, & Gruneberg, 1986). However, the levels of sensitivity and 
specificity for non-cardiothoracic surgical wounds had been found to be low, 
especially for the components of “Stay as inpatient prolonged over 14 days” 
and “additional treatment" (Wilson et al., 1986). This finding was unsurprising 
as different types of surgery necessitate different lengths of hospitalization and 
of antibiotic treatments. It has also been reported that 60% of patients who 
were discharged before the 14th day after non-cardiothoracic surgery left the 
hospital with undetected SSIs (Bryne, Napier, & Cuschieri, 1988; Wilson et al., 
1990). This therefore raised questions about its validity and sensitivity on SSI 
detection and diagnosis for non-cardiothoracic surgery.  
   
The US CDC criteria developed clinical practice guideline to evaluate the 
presence of SSIs. Firstly, it defined a group of symptoms to determine the 
condition of the abdominal surgical wounds within 30 days following surgery. 
It also classified wound conditions into superficial, deep or organ/space 
infection to distinguish between all abdominal surgical wounds (Horan, 
Andrus, & Dudeck, 2008). Based on the CDC criteria, the surgical wound was 
considered to be infected if it was accompanied by purulent exudates, a 
systemic fever of more than 38°C, site pain, tenderness, localised swelling, 
redness or heat within 30 days after surgical procedure (Horan et al., 2008). It 
further defined an infected wound as a superficial surgical wound if it involved 
the skin and the subcutaneous tissue, a deep incisional infection if it involved 
the deep soft tissues such as the muscle layers, and organ/space infection if it 
involved any anatomical sites including organs and spaces such as peritoneal 
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and pleural space (Horan et al., 1992). It has been demonstrated that 49% to 
84% of SSIs were left undetected for discharged patients (Smith et al., 2004; 
Sands, Vineyard, & Platt, 1996). This suggested that the criteria defined by 
CDC are unable to detect SSIs in the first four days after surgery. 
 
Although both ASEPSIS scoring system and the CDC criteria provided 
relevant definitions to assess an infected surgical wound, but there was poor 
agreement between the two. A study conducted over 4773 patients detected 
19.2% of SSIs using the CDC definition while ASEPSIS detected only 6.8%, 
revealing a substantially different percentage in infection rates (Wilson, 
Gibbons, Reeves, Hodgson, Liu, Plummer, Krukowskit, Bruce, Wilson, & 
Pearson, 2004).  Therefore, these two assessment tools lack the sensitivity to 
afford reliability detection of SSIs.  
 
Nursing Management and Detection of SSIs after Closure of Enterostoma 
The nursing management of surgical wounds after enterostoma closures was 
similar to the majority of abdominal surgical wounds healing by primary 
intention. The current practice involved a baseline assessment of the post-
surgery wound to establish its physical characteristics and its surrounding skins 
based on the cardinal signs and symptoms of SSIs. However, nurses within 
their clinical practice had differing perceptions and assessment approaches to 
the key wound parameters such as the description of wounds (Greatrex-White, 
& Moxey, 2013; Keast, Bowering, Evans, Mackean, Burrows, & D'Souza, 
2004). Studies further reported that documentation of wound bed, dimensions, 
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exudates, state of surrounding skins, and skin sensation were recorded in less 
than 5.0% of patients after surgery (Gartlan, Smith, Clennett, Walshe, 
Tomlinson-Smith, Boas, & Robinson, 2010). There was a lack of awareness on 
the signs and symptoms of SSIs and nurses continued to practice wound 
assessment based on their own understanding or knowledge or pass down such 
knowledge instead of evidence-based practice (Ashton, & Price, 2006). This 
evidently identified issues that underpin inadequate knowledge of nursing 
management in detecting SSIs. 
 
Statement of the Problem  
It was clinically recognised that all patients undergoing surgery were at risk for 
SSIs, especially for those undergoing enterostoma closure, which was 
categorised as clean/contaminated abdominal surgical wounds. Despite the 
increased risk of SSIs, clean/contaminated abdominal surgical wounds could be 
assessed for delayed inflammation and epithelisation after surgery. Therefore, 
in order to initiate early treatments of SSIs after enterostoma closure to prevent 
further complications, signs and symptoms of delayed wound healing had to be 
detected early by nurses. Unfortunately, the current assessment tools have 
limitations in assessing for delayed wound healing for early treatments with 
patients discharging earlier after enterostoma closure. This was of concern as 
the number of SSIs remained high and the consequences of SSI could reduced 
quality of life and increased associated healthcare costs. Without a definitive, 
objective detection method to assess the surgical wound for delayed wound 
healing, the phenomenon of patients being discharged back to their community 
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with undetected SSIs will continue, resulting in delayed treatment, longer 
medical interventions, higher healthcare maintenance and associated healthcare 
costs (Wick, Gibbs, Indorf, Varma, & Garcia-Aquilar, 2008; Weiser et al., 
2008; Jarvis, 2007; Sands, Yokoe, Hooper, Tully, Horan, Gaynes, Solomon,  
Platt, 2003; DiPiro et al., 1998; Sands et al., 1996). 
 
Thesis Outlines 
In view of the increasing number of undetected SSIs before discharge due to 
the limitation of current assessment tools, this study aimed to investigate the 
signs and symptoms preceding the diagnosis of SSIs defined by current 
assessment tools. To achieve this, Chapter 2 presented a literature review on 
the healing process of both infected and non-infected abdominal surgical 
wounds and discussed its associated signs and symptoms. Amongst the signs 
and symptoms, the sensation of ‘heat’ on the surgical wound, which was 
associated with phagocytic activity was found to be commonly experienced by 
patients during the inflammatory phase. However, knowledge of its assessment 
and interpretation to distinguish between infected and non-infected abdominal 
surgical wounds during this phase was lacking. Therefore, this study adopted a 
prospective observational approach to obtain daily temperatures of the 
abdominal surgical wounds during the inflammatory phase to evaluate 
differences between infected and non-infected surgical wounds created after 




Described in Chapter 3 was the methodology of this study conducted in Phase I 
and II respectively. The purpose of Phase I was to develop a proper clinical 
technique of infrared thermal imaging for measuring abdominal surgical 
wound temperatures and examined differences in abdominal skin surface 
temperatures at various distances and in the body mass index (BMI). The 
purposes of Phase II were to measure the temperatures of the non-infected and 
infected surgical wound surfaces after enterostoma closure and to describe and 
compare the infrared thermal patterns to detect for signs in delayed wound 
healing during inflammation. Chapter 4 outlined the results of both phases and 
Chapter 5 provided further interpretation on the findings, clinical implications 
and further research directions. Finally, Chapter 6 provided an overview of the 
conclusion in the development of an effective and objective assessment tool of 
the surgical wound temperatures to complement the existing nursing wound 


















After enterostoma closure, surgical wound assessment was conducted 
immediately by nurses for signs of infection. Unfortunately, nurses with 
varying years of experiences and levels of knowledge often provided 
inconsistent interpretation of wound characteristics, affecting reliable 
sequential comparison during this period. The reduced length of hospitalization 
further shortened the observation duration for nurses to assess the signs of 
delayed healing wounds, thereby contributing to the rise of patients with 
undetected SSIs on discharge. In the past two decades, the total number of 
inpatient days per 1,000 patients has reduced by 35% although the number of 
discharges from hospitals per 1,000 patients remained the same (deBruyn, 
2013). This consequently precluded early treatment for patients discharged 
with undetected SSIs, resulting in a poorer quality of life and increased 
associated healthcare costs. Therefore, an objective evaluation of the 
abdominal surgical wounds was crucial for all baseline and subsequent 
assessments to detect significant day-to-day changes. For this reason, this 
chapter characterised the measurable signs of changes that predispose post-
surgery patients to the early development of SSIs. To achieve this, this chapter 
began by defining abdominal surgical wounds and SSIs, followed by analysing 
the pathophysiology and clinical manifestations of SSIs. The next section 
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outlined the association of ‘heat’ and surgical wounds before proceeding to 
discuss the potential elements that affect the ‘heat’ emitted from such wounds. 
Finally, the concept of infrared thermography as a reliable measurement tool to 
quantify the sensation of ‘heat’ into temperature is examined and discussed.  
 
Definition of a Surgical Wound  
Generally, a “surgical wound” is  defined as an acute wound resulting from a 
deliberate incision to the body to gain access to the diseased area for restoring 
the bodily function or appearance to its optimal level either after minor or 
major surgery (Byrant & Nix, 2007). During minor surgery, a patient 
underwent an invasive operative procedure that disrupted only the skin, mucus 
membranes and connective tissues and do not require general anaesthesia or to 
be subjected to respiratory assistance. Examples of minor surgical procedures 
are catheter placement, biopsy and aspiration for procurement of tissue samples 
or bodily fluids. Conversely, major surgery required the patient to be subjected 
to general anaesthesia and respiratory assistance to enable surgeons to perform 
invasive operative procedures such as enterostoma closures. Although 
enterostoma closures are short invasive surgery, the procedure entails 
penetrating into the skin, mucous membranes and connective tissues to gain 
access to the organs and space to conduct investigation and treat a pathological 
condition (Baranoski & Ayello, 2012). Other examples of major surgical 
procedures are neurological, cardiothoracic and gastrointestinal surgery 




Unlike chronic wounds which healed mostly by secondary intention, the 
peristomal skin of the enterostoma was usually stitched to heal by primary 
intention and was regarded as an acute surgical wound. The surgical wound 
edges were apposed and aligned immediately after surgery using either 
absorbable or non-absorbable monofilament sutures or staples to promote 
wound healing. However, there were also surgeons whose practice was to leave 
the abdominal surgical wounds open after surgery to heal by secondary 
intention, i.e. with scar tissues replacing the tissue defect (Sussman & Bates-
Jensen, 2012). Studies had reported that abdominal surgical wounds after 
enterostoma closure to be healed by primary intention were at a higher risk of 
infection compared to those by secondary intention because the former surgical 
site contained a higher bacterial load than the latter (Vermulst, Vermeulen, 
Hazebroek, Coene, & van der Hearst, 2006; Wong, Remzi, Gorgun, Arrigain, 
Church, Preen, & Fazio, 2005). Nonetheless, Harold et al. (2010) and Lahat et 
al. (2005) had instead reported a lower infection rate for wounds healing by 
primary intention, suggesting an inconclusive result as yet. Currently, most 
abdominal surgical wounds were closed using sutures or staples after 
enterostoma closure because the time required to heal is longer than those by 
secondary closure (Lahat, Tulchinsky, Goldman, Klauzner, & Rabau, 2005). 
Therefore, the term “surgical wound” in this thesis refered to the closure site of 
the enterostoma located within the boundary of the anterior abdominal region 
involving the skin, subcutaneous tissues, fascia, muscles, peritoneal cavity and 




Definition and Aetiology of SSIs after Closure of Enterostoma 
Currently, many definitions were available to describe an infected surgical 
wound through a list of signs and symptoms. However, the CDC criteria was 
the most referenced definition in many studies. In addition, the CDC criteria 
provided a clearer definition by classifying abdominal surgical wounds into 
superficial, deep, or organ/space infection (Horan et al., 1992). Therefore, the 
abdominal surgical wounds were assessed for infection based on the CDC 
definition. The term ‘surgical wound infection’ was changed to ‘surgical site 
infection’ to provide a detailed and comprehensive distinction between 
superficial, deep and organ/space infections of the incision (Bruce, Russell, 
Mollison, & Krukowski, 2001).  
 
The aetiology of post-surgery SSIs is multifactorial. According to the National 
Institute for Health and Care Excellence (NICE), the risk factors arised 
generally from three key aspects: endogenous contamination, exogenous 
contamination and a decreased immune response (NICE, 2008). The effect of 
endogenous contamination on the level of risk was illustrated by the ACS-
NSQIP wound classification system, in which the microbial flora colonising 
the operative site dictated four levels of risk, ranging from clean to dirty 
contamination as discussed in Chapter 1 (Ortega et al., 2012). Abdominal 
surgical wounds created after enterostoma closure was at risk of infection since 
it fell into the clean/contamination category. Exogenous contamination are 
caused by transient microbial flora picked up from the environment 
transmissible from one place to another. Tsai and Caterson (2014) indicated 
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that contaminated environmental surfaces could led to cross-transmissions and 
increased the risk of SSIs. One of the potential causes of exogenous 
contamination was a breach in the sterile technique during wound management 
which increased the risk level by 1.75 times (Ridgeway, Wilson, Charlet, 
Kafatos, Pearson, & Coello, 2005). It has also been reported that a decreased 
immune response caused by underlying conditions increased the risk of SSIs 
(Fredman, Sexton, Connelly, 2007; Neumayer, Hosokawa, Itani, El-Tamer, 
Henderson, & Khuri, 2007). To  summarise, the high risk of infection after 
enterostoma closure warranted the early detection of delayed wound healing 
for in anticipation of SSIs. 
 
Physiology of Wound Healing and Pathophysiology of SSIs after 
Enterostoma Closure  
Surgical wounds after enterostoma closure was an acute wound that do not 
require granulation tissue formation or wound contraction during healing 
except for connective tissue deposition and epithelisation. The time needed for 
apposition of the tissue margins for a surgical wound is approximately two 
weeks, significantly shorter than that for a chronic wound (Sussman & Bates-
Jensen, 2012; National Institute for Health and Care Excellence, 2008; Byrant 
& Nix, 2007). The healing of a surgical wound involves four phases, i.e. 
inflammation, epithelisation, proliferation and re-modelling, and take up to two 
years to complete (see Figure 1). The first phase of wound healing is the 
inflammatory phase, which begins immediately after enterostoma closure and 
is suggested to last for four days (Sussman & Bates-Jensen, 2012). However, it 
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has also been reported in the literatures that acute inflammatory phase could 
end by the third day after surgery (Fujii, Tabe, Yajima, Tsutsumi, Asao, & 
Kuwano 2011). 
 
Figure 1. Process of wound repair. Adapted from “Brewing complications: the 
effect of acute ethanol exposure on wound healing,” by K. A. Radek, M. J., 
Ranzer, and L.A. DiPietro, 2009, Journal of Leucocyte Biology, 86(5), p. 1126. 
 
Immediately after surgery when acute inflammatory phase takes place, 
neutrophils are released from the bone marrow to the surgical site as a result of 
a series of cell divisions and maturation through myeloblasts, promyelocytes, 
myelocytes, metamyelocytes, band neutrophils and mature neutrophils.  
Subsequently, monocytes and macrophages are produced to stimulate the 
production of interleukin-1 (IL-1) and hepatocyte stimulating factor (IL-6) to 
synthesise and release acute phase proteins (Trowbidge, & Emling, 1997). 
During this phase, the leucocytes which contain more than 20 proteolytic 
enzymes attack the components of the extracellular matrix (Trowbidge, & 
Emling, 1997). One such enzyme is the C-reactive protein (CRP), which 
increases by more than 100 times in response to the inflammatory reactions and 
binds to bacteria to produce capsular swelling, precipitation and agglutination 
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of the bacteria (Trowbidge & Emling, 1997). It has been suggested that the 
CRP levels for patients with non-infected surgical wound are raised within 3 
hours after the beginning of the surgery, reaching a maximum by 72 hours 
before returning back to normal by the fourth day after surgery (Fujii et al., 
2011; Kang, Lee, Ahn, Choi, & Choi, 2010; Ohzato, Yoshizaki, Nishimoto, 
Ogata, Tagoh, Monden, Gotoh, Kishimoto, Mori, 1992). Conversely, the CRP 
levels for patients with infected abdominal surgical wounds will continue to be 
elevated beyond the fifth day after surgery (Fujii et al., 2011; Kang et al., 
2010). Therefore, the signs and symptoms of the inflammatory phase for a 
normal non-infected healing wound are expected to subside by the fourth day 
after surgery. Clinically, such signs and symptoms are rubor (redness), tumor 
(swelling), calor (heat) and dolor (pain) which were discovered in the first 
century A.D. by the Roman scholar Celsus (Serhan, Ward, Gilroy, 2011; 
Walter, 1992).  
 
During the inflammatory phase, epithelisation also takes place on the second 
day, the healing process does not behave in a series of distinct approach but in 
a predictable cascade of overlapping events (Sussman & Bates-Jensen, 2012; 
Davis, 2008). During epithelisation, a healing ridge stretching along the entire 
length of the incision surfaces at the wound site indicating new collagen 
deposition to resume normal structural and functional state (Sussman & Bates-
Jensen, 2012). At this point in time, the possible clinical signs and symptoms 
during epithelisation are redness, swelling and pain at the surgical site but they 
will gradually subside for most non-infected abdominal surgical wounds. With 
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good skin union of the incision, the wound proceeds to proliferation from the 
fifth through 14th day when external sutures would be removed. Then the 
wound enters the final stage, i.e. re-modelling, in which the extracellular 
matrix and collagen deposited over the wound form scar tissues to increase the 
tensile strength to hold the apposition margins. Eventually, the highly vascular 
and cellular granulation scar tissues are replaced with less vascular and cellular 
tissues to produce an elastic, smoother and stronger tissue; the completion of 
the whole process takes up to two years (Sussman & Bates-Jensen, 2012). To 
summarise, the phases of healing of a normal non-infected wound cascade 
from one to the next in an overlapping, systematic manner. Therefore, the 
absence of any wound healing phases may increase the risk of opportunistic 
bacteria residing at the site and multiplying, thereby triggering SSIs. The sign 
of heat is apparent during the inflammatory phase and is thus a good indicator 
to monitor the level of phagocytic activities. 
 
SSIs are caused by the association between microbial virulence and disruption 
in the healing process; based on this fundamental association, the various risk 
factors of the pathogenesis of SSI can be rationalised. All surgical incisions 
create a point of entry for invading bacteria and foreign microorganisms 
immediately after surgery which stimulates the body to generate chemotactic 
mediators to elicit an immediate inflammatory response up to 72 hours (NICE, 
2008). However, in the event of invasion by microorganisms of high virulence 
(see Figure 2) within 72 hours, such microorganisms from the skin surface will 
invade via the cutaneous ridge beneath the incised epidermal layer and reside 
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in the surgical wound (van Ramshorst, Nieuwenhuizen, Hop, Arends, Boom, 
Jeekel, & Lange, 2010). The common bacteria colonising the surgical wound 
surface, Enterococcus and Escherichia coli, are Gram-positive and negative 
bacteria that often co-exist on the surgical wound after enterostoma closure 
(Siah & Yatim, 2011). Thus, it prevents epithelisation and proliferation from 
taking place due to a delay in angiogenesis which deprives the surgical wound 
of optimal supply of oxygen and nutrients the (Sussman & Bates-Jensen, 2012; 
Davis, 2008; Neville, 2000). The continual irritation of the wound site from 
debris or bacteria, which delay timely new cell growth prevents the apposition 
of wound margins and causes dehiscence beneath the incised skin (DiPietro & 
Guo, 2010; Neville, 2000). The extracellular fluid and exuded plasma 
consisting of a mixture of enzymes, dead tissue, bacteria and leucocytes turns 
purulence form purulent exudate is produced after the fifth day which is a 
classical sign for SSIs (Sussman & Bates-Jensen, 2012; Davis, 2008; Boren et 
al., 2008; Neville, 2000). Unfortunately, the signs and symptoms underlying 
the pathophysiology of SSIs within first 72 hours remain undifferentiated from 
those of a normal, non-infected, healing wound, rendering the detection of SSIs 
during this period challenging. Miner et al., (2004) reported that 40% of the 
patients who showed signs or symptoms related to inflammation during this 
period were diagnosed with SSIs after discharge (Miner, Sands, Yokoe, 






Figure 2. The contamination-to-infection continuum. Adapted from 
“Advertorial: wound bed preparation: managing the bacterial burden.” by 




In this sense, the diagnosis of a SSI was only apparent from the fifth day 
onwards due to a prolongation of inflammation response beyond 72 hours 
eliciting the continual signs of redness, swelling, heat and pain. According to 
NICE (2008), the surveillance reports showed that only 2.8% to 6.9% of SSI 
cases were detected before the fifth day after surgery (Noy & Creedy, 2002; 
Ayliffe, Casewell, Cookson, Emmerson, Falkiner, French, Gray, Howard, 
Kelsey, Mehtar, Roberts, Rogers, Shanson, Spencer, Swann, & Taylor, 1993). 
To summarise, an infected surgical wound was suggested to have a prolonged 
inflammatory phase beyond the third day after surgery but it could not be 
easily differentiated during this period. If left undetected, patients were at risk 
of being discharged with undiagnosed SSIs, consequently leading to delayed 
treatment, a compromised quality of life and increased healthcare costs.  
 
Clinical Manifestations of SSIs after Enterostoma Closure  
The clinical manifestations of a SSI after enterostoma closure of comprise a 
wide spectrum of possible clinical features according to the continuum of SSIs. 
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The clinical signs and symptoms commonly used in combination from four 
definitions to characterise a SSI were summarised in Table 1.  
 
Table 1 
Common Signs and Symptoms used in the Definitions of a Surgical Site 
Infection 
Criterion Emmerson 








Pain √  √ √ 
Redness √  √ √ 
Heat   √  
Swelling √  √ √ 
Fever √ ^  √ ^ √ 
Purulent exudate √ √ √ √ 
Surgeon diagnosis   √  
Wound dehisces   √  
Positive wound 
culture 
  √  
Wound deliberately 
opened by surgeon 
  √  
√ = Criterion included in the definition 
^ = Fever more than 38°C 
 
Although the criteria used in the definitions were not exhaustive, they were 
commonly used in combination in the assessment of abdominal surgical 
wounds. The definition by Glenister et al., (1993) was the only one that used 
the presence of ‘purulent discharge’ as a single criterion (Glenister, Taylor, 
Bartlett, Cooke, Sedgwick, & Mackintosh, 1993). The signs and symptoms of 
‘redness’, ‘swelling’, ‘pain’, ‘heat’ and ‘fever’ were included in three 
definitions (Emmerson, Enstone, Griffin, Kelsey, & Smyth, 1996; Horan et al., 
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1992; Peel, & Taylor, 1991). The remaining criteria ‘surgeon diagnosis’, 
‘wound dehisces’, ‘positive wound culture’, and ‘wound deliberately opened 
by surgeon’ were included within the CDC definition of a SSI but they were 
categorised as signs and symptoms. Therefore, the signs and symptoms of 
‘redness’, ‘swelling’, ‘pain’, ‘heat’, ‘fever’ and ‘purulent exudate’ were further 
discussed below.  
 
 Redness, swelling, pain and heat. 
Immediately after surgery, signs and symptoms of redness, swelling, pain and 
heat were generally manifested in response to tissue injury during the 
inflammatory phase. The sign of redness is caused by increased blood flow to 
the surgical site triggered by severed sensory nerves and was detected visually 
during assessment (Smack, Harrington, Dunn, Howard, Szkutnik, Krivda, 
Caldwell, & James, 1996; Horan et al., 1992; Wilson et al., 1990). Swelling is 
caused by the interstitial fluid that accumulates at the wound site and alters the 
vascular wall and pain is caused by intense or damaging stimuli at the incision 
site (Davis, 2008; Vinay, Abdul, & Nelson, 2005; Neville, 2000; Walter, 
1992). Heat is generated due to increased blood flow to the surgical wound to 
deliver neutrophils for phagocytosis (Sussman & Bates-Jensen, 2012; Davis, 
2008). In 1996, Horzic, Bunoza and Maric evaluated surgical wound 
temperatures by applying a semi-quantitative liquid crystal skin-contact 
thermometer strip over the infected surgical wound for a full minute. In this 
study, they suggested a discernible change in the wound temperatures in the 
first three days after surgery. Nevertheless, the temperature was not readily 
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distinctive from the normal inflammatory response during the period, rendering 
the detection of delayed wound healing challenging.  
 
 Fever and purulent exudate.  
Fever after surgery is another sign associated with a SSI and the CDC criteria 
have included fever of 38°C and above as one of its indications for a SSI. 
However, Held et al., (2002) reported that any tissue damage can likewise lead 
to raised body temperatures in the first four days after surgery, suggesting that 
fever was not an exclusive sign for SSI (Held, Michels, Blanco, & Ascher-
Walsh, 2002). In addition, differential diagnosis of fever could also range from 
hospital-acquired pneumonia, urinary tract infection, and catheter-related 
bloodstream infection. Therefore, the body core temperature was not a reliable 
sign for the detection of SSIs in the first four days after surgery.  
  
The presence of purulent exudate, another clinical manifestation, is a definite 
sign for a SSI. Purulent exudate is a by-product of exuded plasma consisting of 
a mixture of enzymes, dead tissues, bacteria and leucocytes produced when 
there is continual irritation of the surgical site. However, it was usually 
detected after the fifth day, depending on the site and depth of the surgical 
wound (Neville, 2000). A study conducted on over 3354 abdominal surgical 
wounds that used purulent exudates as the main criterion to diagnose surgical 
wound infection reported that only 6.9% infected abdominal surgical wounds 
were identified, compared to the actual prevalence rate of 15.6% before 
discharge (Ayliffe et al., 1993). Therefore, purulent exudate is not a viable 
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indicator for the detection of SSIs within the first four days after surgery 
(Krukowskit, Bruce, Russell, & Mollison, 2001).  
  
Up to this juncture, the diagnosis of a SSI was only possible after the fifth day 
based on clinical manifestations. Therefore, the reliance of signs and symptoms 
(redness, swelling, pain and heat) in the first four days became crucial elements 
in providing insights to detect delayed wound healing preceding a SSI. 
However, the concern with these signs and symptoms was that they were 
indistinguishably manifested in response to the inflammatory phase. The sign 
of heat at the surgical site was the only component that has a direct association 
with phagocytic activity and was a hence a viable sign for early detection of a 
SSI within the first four days. However, heat assessment at this stage was 
subjected to the patient’s and nurse’s perception and could not be quantified 
objectively, creating a vast difference in interpretation. Therefore, the first 
research gap on the measurement and interpretation of ‘heat’ to detect delayed 
wound healing was determined. 
 
The Temperature of the Surgical Wound 
The heat emitted from the surgical wound surface is also referred to the ‘shell’ 
temperature of the body and is influenced by the blood supply. The basic 
functions of blood supply to the surgical wound include the transport of 
nutrients and oxygen, excretion of waste products of cell metabolism and 
supporting immune system function. During these processes, heat is generated 
and released from the skin surface to produce a higher stable temperature range 
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(Baranoski & Ayello, 2012). The flow rate ranged from 1 millilitre to 150 
millilitres per 100 grams skin per minute depending on the vasoconstrictor tone 
and the body sites (Zakharov, Dewarrat, Caduff, & Talary, 2011; Venus, 
Waterman, & McNab, 2011; Cross, Collard, & Nelson, 2008; Takahashi-
Nishimura, Tanabe, & Hasebe, 1997; Parsons, 1993).  
 
Temperature of a non-infected surgical wound. 
After surgery, the basic functions of the skin were disrupted, affecting the skin 
surface temperature and, by extension, the surgical wound temperature. A 
study on patients with vascular disorders reported that infrared thermal imaging 
in the affected regions was about 0.70°C to 1.00°C above the normal regions 
due to inflammation (Bagavathiappan, Saravanan, John Philip, Jayakumar, Raj, 
Karunanithi, Panicker, Korath, & Jagadeesan, 2009). It was reported that an 
increase of 3.4±0.7°C above the baseline temperature was observed on the 
third day after total knee replacement with no other information available on 
other surgical sites (Romanò, Logoluso, Dell'Oro, Elia, & Drago, 2011). Since 
there was a possibility of differences in temperatures for normal healing 
abdominal surgical wounds at various sites, there might likewise be a 
possibility of differences in surgical wound temperatures after enterostoma 
closure.  Therefore, there was a need to study the temperatures of the non-
infected and infected surgical wound surfaces in the first four days after 






Temperature of an infected surgical wound. 
It was believed that heat is produced during infection by the leucocytes during 
phagocytosis, where the neutrophils, which make up 40.0% to 75.0% of 
leucocytes produce 9.1 µW to 28.4µW of heat (Shimoyama, Ohkubob, Mariko, 
Hayatsud, & Yamamurab 1991; Hayatsu, Miyamae, & Yamamura, 1988). 
Therefore, in an event where inflammation failed to subside by the third or 
fourth day after surgery, heat generation continued as more blood was diverted 
from the preferential channels to pass through the dilated blood vessels near the 
surgical wound, causing the skin to become hyperaemic and warmer (Sussman 
& Bates-Jensen, 2012; Davis, 2008). However, other than the CDC criteria, no 
other assessment tools had included heat as one of the signs and symptoms of 
infection (Krukowskit et al., 2001). There was also no literature found on 
temperature readings and characteristics of an infected surgical wound in the 
first four days after surgery. Therefore, if the surface temperature of the 
infected surgical wound was quantified, it could be translated into meaningful 
clinical data to assess for delayed healing after enterostoma closure. This could 
consequently improve the detection of delayed wound healing for early clinical 
intervention, significantly reducing treatment intensity and costs.  
 
 Factors influencing surgical wound temperature.  
Although wound temperature was associated with phagocytic activities and 
found clinical utility in the monitoring of healing, a variety of factors could 
also affect the temperature. Heat emitted by the skin is predominantly 
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influenced by the volume of blood supplied to the surface. This primary factor 
however is in turn affected by other secondary factors such as age, gender, 
diabetic mellitus, antibiotics, analgesic, chemotherapy and smoking, all of 
which deserved further discussion in the following sections.  
 
Patient age.  
The skin surface temperature of older adults differs from that of younger adults 
when it comes to changes in environment temperature. Older adults lose 
regulatory control with aging and respond more slowly to environmental 
changes and thus are at a higher risk for injury from extreme temperatures 
(Taylor, & LeMone, 2011). McLellan and colleagues found that the resting 
blood flow for patients above 50 years old was significantly decreased in an 
environment of 16°C, leading to a lower skin surface temperature (McLellan, 
Petrofsky, Zimmerman, Lohman, Prowse, Schwab, & Lee, 2009). In addition, 
aging has also been associated with a concomitant increase in body fat when 
fat redistributes from peripheral subcutaneous to intra-abdominal depots, 
specifically abdominal fat (Tchkonia, Morbeck, Von Zglinicki, Van Deursen, 
Lustgarten, Scrable, Khosla, Jensen, Kirkland, 2010). Therefore, to avoid 
unnecessarily decreased surgical wound temperature, the assessment of 
temperature for older adults should be taken in a stable environment, avoiding 






Thick abdominal adipose tissue. 
An enterostoma is anatomically located within the abdominal-pelvic region 
where the largest area of adipose tissues is deposited. A study conducted 
between 23 obese and 13 normal weight participants without significant 
difference in their ‘core’ temperature (p = .74) reported a signiﬁcantly lower 
abdominal skin surface temperature in obese participants (31.80 + 0.20°C) than 
the normal weight participants (32.80 + 0.30°C) with a p at .02 (Savastano, 
Gorbach, Eden, Brady, Reynolds, & Yanovski, 2009). In other words, the 
presence of thick adipose tissues reduced the rate of heat transfer. Therefore, 
the effect of patients’ weight status (underweight, normal weight/ pre-obese 
and obese) on the abdominal skin surface temperature should be analysed. 
 
Patient gender. 
It is known that females tend to experience more fluctuations in body 
temperature than males probably due to hormonal changes (Taylor, & LeMone, 
2011). Bartelink et al., (1990) reported that the mean peripheral skin circulation 
taken from the finger skin varied significantly within one menstrual cycle, with 
the lowest values measured during the menstrual phase (Bartelink, 
Wollersheim, Theeuwes, van Duren, & Thien, 1990).  However, upon 
menopause, the cessation of progesterone production, alongside other 
combined hormonal changes, resulted in a decline in the skin moisture levels, 
thereby potentially causing dehydration, decreased collagen and sagging skin.  
Therefore, hormonal changes might have no effect on the skin surface 
temperature for women who were not menstruating or who have reached 
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menopause. Similarly, to obese patients, women with adipose tissues deposited 
in their abdominal areas might also report a lower skin surface temperature and 
should be evaluated with caution.   
 
Diabetes mellitus. 
Hyperglycaemia is the technical term for high blood glucose and the most 
common caused by far is diabetes mellitus (Smith, Winterstein, Johns, 
Rosenberg, & Sauer, 2005). Wigington, Ngo, & Rendell reported in their study 
that blood flow values at the knee, ankle and toe were about 50% lower for 
diabetic patients than for the non-diabetic controls (Wigington, Ngo, & 
Rendell, 2004). Another study conducted on diabetic patients also reported a 
lower temperature at the foot, lower back and hand surface compared to non-
diabetic patients (McLellan et al., 2009). However, no literature was found to 
suggest the effect of diabetic mellitus on the abdominal skin surface 
temperature. Since the abdomen had the least vascular network compared to 
other parts of body, it was unlikely that diabetic mellitus would have effects on 
the abdominal surgical wound surfaces.  
 
Effect of antibiotics and analgesics.  
Routine prophylactic antibiotics were commonly prescribed to patients before 
undergoing enterostoma closure to reduce their risk of bacterial infection 
(NICE, 2008). However, the effectiveness of prophylactic antibiotics in 
preventing SSIs across different types of surgery remained unclear. Currently, 
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there were also no studies suggesting that receiving prophylactic antibiotics 
had an effect on patients with normal body ‘core’ temperature.  
 
After enterostoma closure, patients were prescribed analgesics such as low-
dose intravenous narcotics (e.g. morphine), followed by oral analgesics for 
pain management. A study has reported that, besides better pain control, 
analgesics were found to control the body ‘core’ temperature within the normal 
range (Karam, Zmistowski, Restrepo, Hozack, & Parvizi, 2014). Morphine, a 
common narcotic administered to patients after closure of surgery, possessed 
anti-inflammatory properties that likely attenuate inflammatory responses and 
maintained the body ‘core’ temperature’ within the normal range (Kahn, Beers, 
& Lentz, 2011). Therefore, it was unlikely that antibiotics and analgesics had 
an effect on the ‘shell’ temperature if the body ‘core’ temperature was 
maintained within the normal range.  
 
Patients with colorectal cancer (CRC) on chemotherapy. 
For patients with stage II CRC and above, the choice and intensity of 
chemotherapeutic regimens depend on the disease stage, previous treatments 
and the health condition. It has been suggested that patients with a history of 
chemotherapy before surgery were more at risk of SSIs at an odds ratio of 1.94 
(95% CI, 1.16–3.25) (Anaya, Cormier, Xing, Koller, Gaido, Hadfield, 
Chemaly, & Feig, 2012).  This could be explained by the side effects such as 
bone marrow suppression, gastrointestinal problems (nausea, vomiting, 
diarrhoea), and alopecia (Macdonald, 2009). However, no literature has 
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suggested chemotherapy to be an independent variable that affects the blood 




Tobacco smoking may affect the blood flow to the skin surface, thereby 
influencing the true skin surface temperature. It has also been found that 
smoking affects the coronary circulation and vascular system, resulting in 
decreased cutaneous blood flow in smokers (Monfrecola, Riccio, Savarese, 
Posteraro, & Procaccini, 1998). Therefore, tobacco smoking has been reported 
to reduce tissue oxygenation and immunological defence against bacteria 
(Sorensen, Nielsen, Kharazmi, & Gottrup, 2004; Sorensen, Karlsmark, & 
Gottrup, 2003). This might suggest that patients who smoke might have lower 
surgical wound temperatures than patients who do not smoke. 
 
To summarise, the effects of potential factors on abdominal surgical wound 
temperatures over the abdomen were explored and discussed. Other than 
abdominal adipose tissue layers, the remaining factors were supported by only 
limited literature as regards their effects on abdominal temperature reading. 
Since the abdomen area is the least vacuolated area on the body surface, any 
local heat emitted from the surgical wound can provide reliable information of 
the condition. However, quantifying the heat energy into temperature of the 
abdominal surgical wound should be interpreted with caution for patients with 
thick adipose tissue layers.  
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Measurement of Surgical Wound Temperatures  
The measurement of surgical wound temperatures was not commonly practised 
as part of the post-surgery wound assessment. Two reasons underlined this 
phenomenon.  Firstly, no standardised processes were available for nurses as 
guidelines for the measurement of surgical wound temperatures. Frequently, 
nurses had to rely on both their sense of touch and patients’ descriptions to 
conduct this assessment, thereby introducing subjectivity. Secondly, only 
limited clinical data and information were available for nurses to reference and 
interpret the temperature readings of the abdominal surgical wounds. Nurses 
were unable to distinguish the thermal behaviours of skin surfaces with 
inflammation from those with delayed wound healing. Therefore, the concept 
of understanding temperature changes of non-infected and infected surgical 
wound was required and initiated.  
 
Currently, the assessment of skin surface temperatures was performed by 
nurses only on patients with diabetes mellitus for management of neuropathic 
foot (Lavery, & Armstrong, 2008). The common measurement thermographic 
tools were skin surface temperature sensor probes and infrared thermometers 
(Sussman, & Bates-Jensens, 2012). Measurement of skin surface temperatures 
using skin surface temperature sensor probe was a widely accepted tool to 
provide reliable temperature readings for a specific contact point. However, 
nurses were unable to measure the same specific contact point for sequential 
comparison (unless marking was done) to achieve consistency across multiple 
measurements (Krause, 1993). Therefore, the measurement of ‘heat’ could not 
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be translated into reliable, meaningful clinical data for monitoring daily 
changes (Lenhardt & Sessler, 2006; Lanzola, Tagliabue, Bozzi, & Meroni, 
1991). By contrast, infrared thermography has the advantage that 
measurements can be acquired across a large 'field of view' to give a 
temperature distribution, either of the entire body or a discrete region of 
interest. It is a fast, non-invasive, non-penetrating device that can capture 
infrared waves from the skin surface not visible to the human eyes and be 
reproduced into images (Howell, & Siegel, 2002). Infrared thermography can 
covers an area of interest, allowing more temperature measurements of a given 
surgical wound surface and accumulation of data, without being restricted to a 
specific point and is therefore preferred over the skin surface temperature 
sensor probe. Since there is no direct contact, there is also no risk of 
contamination and no mechanical effect on the abdominal skin surface. 
Therefore, the infrared thermal images can produce real-time, credible 
measurements to discern temperature differences of the surgical wound surface 
to monitor the blood circulation. The following section further discussed the 
applicability of quantifying the skin surface temperature as well as the 
application of surgical wound temperature measurement after enterostoma 
closure in nursing practice. 
 
The applicability of infrared thermography to measure skin surface 
temperatures. 
Infrared thermography has been an established sphere of physiology for a 
number of decades and gained interest circa 1980 for its potential in clinical 
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diagnosis, principally in oncology. This included as an adjuvant to tumour 
diagnosis of breast cancer (Kennedy, Lee, & Seely, 2009; Arora, Martins, 
Osborne, Simmons, Ruggerio, Swistel, & Tousimis, 2008). More recently, 
fever surveillance during the SARS outbreaks has fostered renewed interest in 
the role of thermal imaging in clinical (Ng, Kaw, & Chang, 2004). Infrared 
thermography has also been applied in many medical conditions as a means to 
characterise tissues and diagnose diseases based on the heat emitted from the 
skin surface blood circulation. Much literature has been generated on the 
application of infrared thermography on humans, including the evaluation of 
delayed-onset muscle soreness of patients with diabetes and of blood 
circulation of patients after below-knee amputation as well as detection of 
breast tumours (Al-Nakhli, Arai, Berk, Holland, Laymon, & Petrofsky, 2012; 
Wishart, Campisi, Boswell, Chapman, Shackleton, Iddles, Hallett, Britton, 
2010; Arora et al., 2008; Marcuson, Stoner, & Taylor, 1989). The sensitivity 
and specificity of infrared thermal imaging in detecting breast tumours were 
reported to be 78% and 75% respectively (Wishart, Campisi, Boswell, 
Chapman, Shackleton, Iddles, Hallett, & Britton, 2010). Therefore, monitoring 
surgical wound temperatures based on the heat emitted by the blood supply 
was feasible. Nevertheless, it was important to identify the confounding factors 
that influenced the skin surface temperature readings when using infrared 
thermography to ensure accuracy, repeatability and sensitivity (Ammer, & 
Ring, 2008). Consideration was also required with regard to the practicality of 
assessment, suitability and acceptability of the measurement method in nursing 
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practice. The following sections outlined the principle of infrared thermal 
imaging and discussed the confounding factors.  
 
Principle of infrared thermography on skin surface. 
Infrared thermography is a type of imaging which provides real-time, two 
dimensional images of the infrared that relies on the emittance of infrared 
radiation as the source of remote temperature for measurement within the 
invisible electromagnetic spectrum from 900 to 14,000 nanometers (0.9–14 
nm). Infrared thermography determines the temperature by measuring the 
amount of heat energy possessed by the skin cells measured in Joules: “µW” 
units and translates it into actual temperature values in degree Celsius (Bentley, 
1998). In application on human skin surface, infrared thermography measures 
the temperature variations at the body surface based on the degree of 
vascularity of the tissues. The temperature of the human skin surface ranging 
from 28°C C to 39°C falls within the infrared section of the electromagnetic 
spectrum and is non-radiative compared to X-rays and gamma rays (Larkin, 
2011; Stuart, 2004; Nicolai, 1956).  
 
To produce an accurate measurement of the temperature to confirm the 
presence of a temperature difference, the emissivity of the skin surface is 
important. As defined by the Stefan-Boltzman law, emissivity is the efficiency 
of a surface to emit thermal energy with a perfect value of 1.00, theoretically 
produced from a black body (Howell & Siegel, 2002). The human skin behaves 
almost like the black body with an emissivity of 0.98 where there is only 0.02 
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of reflectance (ρ) value (Box 1) because the human skin needs to emit and 
absorb heat simultaneously to keep the body temperature at equilibrium. The 
emissivity of the human skin is not affected by absorbance (α) and 
transmission (t) since the human body does not allow light to pass through.   
 
 
Box 1. Equation of the radiative energy balance of the human skin  
Ɛ = emissivity – the amount of energy emitted by the human skin 
ρ = reflectance – the amount of energy reflected by the human skin 
 
A study by Calixto-Carrera et al., (2009) suggested that the human skin 
behaves almost like a black body with an emissivity of 0.98 where there is only 
0.02 of ρ value (Calixto-Carrera, Sanchez-Marin, & Villasenor-Mora, 2009). 
The result was also consistent with an older study that skin colour does not 
affect the absorbance (α) and ρ value of the human skin (Hardy, 1934). 
Therefore, using infrared thermal imaging on the human skin would be able to 
produce a safe, reliable and accurate measurement of the skin surface. 
However, no literature has been found on the development of the clinical 
technique of measuring surgical wound temperatures using infrared 
thermography. This was identified to be the second literature gap.  
 
Application of infrared thermography to measure surgical wound 
temperatures. 
Temperature is a variable that can be applied in many situations and processes. 
Over the years, the promising clinical potentials of infrared thermography such 
Blackbody – ρ = Ɛ 
1 – 0.02 = 0.98 
39 
 
as characterising tissues, diagnosing diseases and solving complex problems 
were reflected in the literature (Al-Nakhli et al., 2012; Wishart et al., 2010; 
Arora et al., 2008; Marcuson et al., 1989). 
 
The infrared emitted from the skin revealed temperature variations by 
producing brightly coloured patterns on a display screen and the colour pattern 
was believed to provide information on the diagnosis of many diseases and 
disorders such as breast cancer, impaired spermatogenesis in infertile men and 
deep vein thrombosis (Deng, Tang, Zheng, Zeng, Zhong, 2012; Mariotti, Di 
Carlo, Orlando, Corradini, Di Donato, Pompa, . . . Merla, 2010; Kennedy, Lee, 
& Seely, 2009). However, due to insufficient large-scale, prospective studies as 
well as a discontinuity in existing knowledge to explain the phenomenon, 
infrared thermography was currently not a widely accepted tool for its medical 
value. Therefore, infrared thermography was regarded as a complementary 
approach to support the current clinical approach to boost both sensitivity and 
specificity.  
 
Although the human skin acts almost like a perfect blackbody, the accuracy, 
repeatability and sensitivity of the temperature can be affected by several 
confounding factors. The ‘core’ temperature of an adult is controlled by the 
thermoregulation system to maintain the temperature of the vital organs within 
a constant range from 36°C to 37.5°C (McCallum, & Higgins 2012; Lenhardt 
& Sessler, 2006; Parsons, 1993). The thermoregulation system monitors the 
body ‘core’ temperature and initiates responses to either conserve body heat or 
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to increase heat production to maintain the body ‘core’ temperature. Without 
thermoregulation, the body temperature increased from 1.2°C to 24°C 
(Bentley, 1998). The common causative factors that raise the body ‘core’ 
temperature were pathogenic conditions or an increased in physiological 
activity. There would be a drop in the ‘core’ temperature only when the body 
was exposed to extreme cold environment (Long, Edlich, Winters, & Britt, 
2005). A study conducted on 60 participants reported that their body ‘shell’ 
temperature regulated the ‘core’ temperature by increasing the amount of blood 
flow to the skin surface to emit heat after an hour of exercises at an ambient 
temperature of  24°C and 30°C (Jay, Reardon, Webb, DuCharme, Ramsay, 
Nettlefold, & Kenny, 2007). Therefore, any mechanisms that affect the body 
‘core’ temperature would also affect the ‘shell’ temperature. Besides the body 
‘core’ temperature, external environmental conditions could also influence 
‘shell’ temperature reading (Lenhardt & Sessler, 2006; Parsons, 1993). 
Therefore, the following sections identified and discussed the effects of such 
confounding factors on the skin surface temperature using infrared 
thermography.  
 
Effect of atmospheric conditions. 
Human beings are homeotherms that regulate temperatures through interacting 
with the environment in an attempt to maintain the normal temperature range 
(Parsons, 1993). Therefore, atmospheric conditions might alter the skin surface 
temperature (Iwase, Cui, Wallin, Kamiya, & Mano, 2002; Khallaf, Williams, 
Ring, & Elvins, 1994). Ambient temperature control was a primary 
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requirement for most clinical applications of infrared thermal imaging. Due to 
the nature of human thermo-regulation, maintaining stability of the room 
temperature was critical. A study reported that subjects acclimatised to a room 
temperature of 22°C for 40–60 minutes showed differences in surface 
temperatures at various measuring sites after lowering the ambient temperature 
by 2°C, and variations might also be expected in warmer climates (Khallaf et 
al., 1994). Another study conducted on 11 participants further suggested that a 
rise in ambient temperature increases the blood flow supply (F = 1.639, P < 
.001) to the skin surface to allow thermoregulation of the body ‘core’ 
temperature (Iwase et al., 2002). Therefore, ambient parameters could affect 
the validity, reliability and sensitivity of skin surface temperature measurement 
when taking from a distance and were monitored during each measurement.  
 
Effect of distances. 
When exploring the endogenous factors influencing the skin surface 
temperatures caused by either physiological changes or medical conditions, it 
was important to establish an understanding on the exogenous variables had on 
skin surface temperatures when measuring from a distance. This was especially 
so when the fundamentals of infrared measurement demanded accuracy (also 
known as validity in the medical field), precision (in clinical reliability) and 
responsiveness (in clinical sensitivity) to ensure accuracy in the data (Ammer 
& Ring, 2008). As the human skin surface is essential to the regulation of the 
body ‘core’ temperature to maintain body functions through heat loss, it 
interacts closely with the ambient temperature and humidity. Therefore, further 
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investigation on abdominal skin surface temperatures at various distances were 
conducted for discerning differences. A study conducted by Cheung and 
colleagues (2006) reported that measurement of skin surface temperature from 
a distance above 100 cm increased the reflected radiation from the surrounding 
and affected the skin temperature reading. No study however was found 
suggesting the effect of distance within 100 cm on skin surface temperature 
measurement. Therefore, temperature variability with a maximum of 100 cm 
was analysed in this study. As the minimum focal distance for the infrared 
thermal camera was 30 cm, it was set as the minimum distance for this study. 
The median value of 60 cm was used as reference temperature against readings 
measured at 30 cm and 100 cm.  
 
To summarise, the measurement of skin surface temperature was not a 
common nursing practice in the clinical setting. It was an assessment usually 
performed by nurses on patients with diabetic mellitus for management of 
neuropathic foot (Lavery, & Armstrong, 2008). The skin surface temperature 
distribution captured by the infrared thermal images might include heat 
influenced by the body ‘core’ temperature and must be analysed with caution if 
the body was hyperthermic. Since the human skin has a reliable emissivity 
level to produce a reliable temperature of the skin surface using infrared 
thermography, successive infrared thermal images of the surgical wound 
temperatures could detect the ‘heat’ described by the patients. The infrared 
feedback of the pathophysiological mechanisms of the surgical wound 
provided rational and evidence-based values of the skin surface temperature 
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profile of a normal healing surgical wound to detect delayed healing. 
Therefore, confounding factors attributed to either the body itself or the 
atmospheric conditions had to be closely monitored and eliminated to ensure 
accuracy, repeatability and sensitivity.  
 
Summary and Research Gaps 
After enterostoma closure, the abdominal surgical wounds were at risk of 
developing SSIs. It has been shown in the literature that SSIs significantly 
affected patients’ quality of life and increased their economic burden of 
healthcare costs. Therefore, early detection of poor healing wounds must be 
further explored. In this chapter, two main research gaps in the literature were 
identified.  
  
The first research gap centred around two aspects: the inconclusive evidence of 
effectiveness of surgical wound assessment tools for delayed wound healing in 
the first four days and the diverse individual subjective perceptions of signs 
and symptoms. This was of concern as changes in the systemic process of 
inflammatory phase in the first four days could result in subsequent delays in 
wound healing, leading to an increased in the number of SSIs diagnosed after 
discharge, delayed medical intervention and prolonged treatment. This 
therefore suggested that further research on the assessment of early signs and 
symptoms of delayed wound healing were warranted. The sensation of heat 
expressed by patients might be caused by an increased in the amount of blood 
flowing through blood vessels for phagocytosis as a normal response to 
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inflammation as well as during infection. On this basis, this study therefore 
intended to re-examine this clinical symptoms, heat (calor), defined in the first 
century A. D. by the Roman scholar Celsus as evidence in the detection of a 
delayed healing wound (Walter, 1992).  
 
The second research gap related to the potential utility of infrared 
thermography in measuring surgical wound temperatures. In view of the 
limited information on the thermal behaviour of surgical wounds, this study 
attempted to investigate differences in skin surface temperatures between 
infected and non-infected abdominal surgical wounds. Little evidence existed 
to support the use of infrared thermography in detecting poor healing wounds 
in the first four days after enterostoma closure, highlighting an area in which it 
might be of use. Considering that such a notion of applying infrared 
thermography to measuring surgical wound temperatures was novel and has 
never been validated, this clinical application of infrared thermography was 
further elucidated to produce a safe, reliable and accurate measurement 
method.  
 
In summary, based on identified research gaps, the overall aim of this study 
was to conduct an in-depth analysis on the thermal differences between 
infected and non-infected abdominal surgical wounds within the first four days 
after surgery to detect SSIs through quantifying the sense of heat for 
demonstrable changes in skin surface. The study was carried out in two phases. 
Phase I involved the evaluation of abdominal skin surface (no break in skin 
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integrity) temperatures of healthy participants for a baseline understanding of 
acquisition technique and for reducing the effects of confounding factors, e.g. 
distances and abdominal adipose tissue layers, for accuracy. Phase II involved 
the advancement of the technique of acquiring infrared thermal images into 
clinical settings to produce visual thermal distribution of infected and non-
infected abdominal surgical wounds. In Phase II, the heat energy temperature 
was quantified to establish its relationship with delayed healing in the first four 
days after surgery. The knowledge could subsequently be conveyed to nurses 
for clinical application to observe for greater sensitivity, specificity, 
repeatability, reproducibility and practicality in future studies to investigate 
early symptoms during inflammation to detect SSIs. Therefore, the application 
of infrared thermal images interpretation between non-infected and infected 
surgical wounds could be further standardised and evaluated for content, 
criterion and construct validity. The application of interpreting the temperature 
reading and infrared thermal patterns of surgical wounds was not intended to 
replace the current surgical wound assessment practice, but to buttress it and to 
complementarily support the current clinical approach to improve the 
assessment of wound infection. The methodology adopted for used in this 
study was described in chapter 3, followed by the results in Chapter 4 and 








This study addressed the following questions: 
1. What was the effect of distance on abdominal skin surface 
temperature readings measured at 30 cm, 60 cm and 100 cm?  
2. What was the effect of weight (underweight, normal/ pre-obese and 
obese) on abdominal skin surface temperature readings?  
3. Was there a difference in abdominal skin surface temperature 
readings of non-infected and infected abdominal surgical wounds in 
the first four days after abdominal surgery? 
4. Was there a difference in infrared thermal patterns of non-infected 
and infected abdominal surgical wound surfaces in the first four days 
after abdominal surgery? 
 
Purpose of Study and Significance 
The CDC guideline is a common assessment tool used to detect SSIs within 30 
days after surgery. However, majority of the SSIs could not be detected before 
patient was discharged, which consequently led to delay treatment. Therefore, 
the purpose of this study was to establish for sign suggestive of SSI within first 
four days after surgery. Heat is a common sign for infection within first four 
days after surgery but there were neither established values of surgical wound 
surface temperature readings nor infrared thermal profile between a non-
infected surgical wound and an infected one. Therefore, by differentiating the 
values of surgical wound surface temperature readings and infrared thermal 
profile, SSIs could be detected within first four days after surgery. The clinical 
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significance of this study allowed prevention of SSIs in poor healing wounds 






























This chapter outlined the methods used for achieving the aims and objectives 
of this study and for examining the research hypotheses. The chapter 
comprised two parts describing the specific methodology of Phases I and II. 
For each phase, the design, study setting, sampling, sample size determination, 
ethical consideration, data collection and analysis were discussed accordingly 
to address its specific objectives. The techniques of acquiring infrared thermal 
images of abdominal skin surfaces and surgical wound surfaces were also, 
respectively, described in phases I and II. 
 
Aims and Objectives 
This thesis exploited the classical signs of inflammation first expounded in the 
works of Rubner (Walter, 1992) and attempted to utilise ‘calor’, the Latin word 
for “heat”, as a putative temperature measure for early assessment of SSIs. The 
main aim of this study was to elucidate the infrared thermal patterns and 
temperature readings of surgical wound surfaces for detection of infection in 
the first four days after surgery. Quantification by infrared thermography 
served to detect heat emitted by the blood flow to the abdominal surgical site in 
the first four days after abdominal surgery. The specific objectives of this study 
were as follows: 
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1. To examine the differences in abdominal skin surface temperature 
readings at distances of 30 cm, 60 cm and 100 cm.  
2. To examine the differences in abdominal skin surface temperature 
readings for patients as stratified by weight (underweight, normal/ pre-
obese and obese).  
3. To observe the abdominal skin surface temperature readings of non-
infected and infected abdominal surgical wound surfaces in the first 
four days after abdominal surgery. 
4. To elucidate the infrared thermal patterns of non-infected and infected 




The null hypotheses were formulated based on the objectives:  
Hypothesis 1: There was no difference in abdominal skin surface temperature 
readings at distances of 30 cm, 60 cm and 100 cm. 
Hypothesis 2: There was no difference in abdominal skin surface temperature 
readings for patients as stratified by weight (underweight, normal/ pre-obese 
and obese). 
Hypothesis 3: There was no difference in the abdominal skin surface 
temperature readings between non-infected and infected abdominal surgical 
wounds in the first four days after abdominal surgery. 
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Hypothesis 4: There was no difference in infrared thermal patterns of the non-
infected and infected abdominal surgical wound surfaces in the first four days 
after abdominal surgery. 
  
Alternate Hypotheses 
The alternate hypotheses were formulated as followed:  
Hypothesis 1: There was a decreasing abdominal skin surface temperature 
reading with increasing distances at 30 cm, 60 cm and 100 cm. 
Hypothesis 2: There was a decreasing abdominal skin surface temperature 
reading with increasing weight as stratified by underweight, normal/ pre-obese 
and obese.  
Hypothesis 3: There was a higher abdominal skin surface temperature reading 
in infected surgical wounds than non-infected surgical wounds in the first four 
days after abdominal surgery. 
Hypothesis 4: The infrared thermal image of the infected surgical wound 
surfaces displayed a warmer pattern (brighter colours) than non-infected 
surgical wounds in the first four days after abdominal surgery. 
 
Overview of Study Design 
This was a nurse-led, two-phase study based on a prospective observational 
design to address the aim and objectives. Phase I addressed the first and second 
objectives to examine the differences in abdominal skin surface temperatures at 
a distance of 30 cm, 60 cm and 100 cm and the differences in abdominal skin 
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surface temperature for patients as stratified by weight (underweight, normal/ 
pre-obese and obese).  
 
In Phase I, the basic understanding and clinical technique of measuring 
abdominal surgical wound temperature using infrared thermography were 
established, and the effects of distances and of the BMI category on 
temperature reading were examined. This was to enhance the accuracy and 
precision of temperature measurement on the convex surface of the abdomen 
and addressed the need to standardize the distance for each measurement. To 
ensure a thorough coverage of abdomens with varying sizes to fit within the 
field of view, the minimum and maximum distance between the infrared 
thermal camera detector and the abdominal skin surface were adjusted 
accordingly. The minimum focal distance afforded by the infrared thermal 
camera lens was 30 cm and used as the reference temperature against 
temperature readings taken at 60 cm and 100 cm. The maximum focal distance 
was determined at 100 cm because all abdomen skin surfaces of various sizes 
were captured within the field of view. Any distances more than 100 cm 
without magnification reduced the size of the abdominal image within the field 
of view and affected the accuracy of temperature readings. With increasing 
distance, the atmosphere between the abdominal skin surface and the camera 
detector might create perturbation in measurement. Atmospheric factors that 
contributed significantly to the absorption of optical radiation were water 
vapour, air movement and temperature (Larkin, 2011; Stuart, 2004; 
Gaussorgues, 1994; Nicolai, 1956). Therefore, interference of apparent 
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temperatures and ambient parameters, which attenuated the exact infrared 
energy from the abdominal skin surface temperature were closely measured 
and monitored in this phase to extract the real abdominal skin surface 
temperature at each distance. 
 
The temperatures of the abdominal regions might also be affected by the 
thickness of the adipose tissues due to reduced vascular network and blood 
circulation. Therefore, to determine the effects on temperature readings, 
participants as stratified by weight (underweight, normal/ pre-obese and obese) 
were examined at a standard distance of 100 cm. The results of Phase I would 
aid in determining the optimal distance at which infrared thermography could 
perform with minimal effect on the skin surface temperature readings of the 
surgical wounds, and provided abdominal infrared thermal patterns from each 
BMI category as baseline information for Phase II.  
 
Phase II addressed the third and fourth objectives to elucidate the abdominal 
skin surface temperature readings of the non-infected and infected surgical 
wounds in the first four days after abdominal surgery, followed by establishing 
their infrared thermal patterns for the same period. A prospective observational 
study was defined as a forward design to examine a series of events in their 
natural settings without applying experimental intervention (Mann, 2003). 
Using this design, the actual abdominal temperature readings and infrared 
thermal patterns of selected participants were recorded in both phases. This 
design also allowed a full observation of the temperature readings and infrared 
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thermal patterns of the abdomens in the context of their routine care and 
treatment in Phase II.  
 
In Phase II, the main purpose of observing the abdominal surgical wound 
temperature and infrared thermal patterns after surgery was to detect for SSIs 
during the first four days after surgery. The temperature readings and infrared 
thermal patterns of abdominal surgical wounds were collected immediately 
after surgery (referred to as “Day 0”) through four days (i.e. “Days 1–4”) to 
investigate the differences between infected and non-infected surgical wounds.  
In addition to increased blood flow, phagocytic activity associated with 
inflammatory processes contributed to heat production, causing elevated 
temperature readings and producing different infrared thermal patterns on the 
surgical wound surface. Therefore, neutrophil counts, monocyte counts and C-
reactive protein (CRP) level were monitored for elucidating their infrared 
thermal influence as regards infected and non-infected surgical wounds. Based 
on the continuum of wound healing, inflammation and epithelisation typically 
end by day 4 after surgery (Sussman & Bates-Jensen, 2012). Therefore, the 
data collection for participants who remained hospitalized was continued to a 
maximum of four days after surgery. The following sections detailed the 
methodologies, which included an explanation of the study design, eligibility 






Phase I Methodology 
Study design.  
Phase I was a prospective observational study allowing a real-time assessment 
of the abdominal temperature readings taken at three different distances and of 
the abdominal infrared thermal patterns of different BMI categories to examine 
the effects of distances and BMI on temperature reading. Potential participants 
were first approached and screened for eligibility by the student for the study. 
Eligible participants, upon giving their verbal consent, were given a full 
explanation of the study and procedure for a one-time measurement of 
abdominal skin surface temperatures and capturing of infrared thermal images. 
 
Study setting.  
The study took place in a colorectal surgical ward in a tertiary hospital in 
Singapore. As infrared thermography needed to be performed under controlled 
ambient condition to eliminate environmental factors that could affect the skin 
surface temperatures, the data collection was conducted in a room where 
temperature, humidity and wind movement were closely monitored and 
controlled. The details of the room setting for data collection were described in 
a later section.  
 
 Eligibility criteria. 
The eligibility criteria of this phase I study were hospital staff in the study 
setting who were aged 21 years old and above with body core temperature 
between 36.0°C to 37.4°C (inclusive). It has been reported in the literature that 
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tobacco smoking reduced tissue oxygenation and immunological defence 
against bacteria, altering abdominal skin surface temperatures (Sorensen, 
Nielsen, Kharazmi, & Gottrup, 2004; Sorensen, Karlsmark, & Gottrup, 2003). 
Accordingly, Chang et al. had suggested that participants should be refrained 
from smoking for four hours prior to measurement of skin surface temperatures 
by infrared thermography (Wang, Chang,  Chen, Chien, Tsai, Wu, Teng, & 
Shih, 2010). Caffeine-containing beverages had likewise been reported to 
increase the metabolism rate within the first three hours on consumption. 
Acheson, Zahorska-Markie wicz, Pittet, Anantharaman, & Jéquier, 1980); 
Ammer and Ring (2008) had thus recommended that participants should not 
consume caffeine-containing beverages within four hours prior to infrared 
thermography. Therefore, participants who had not smoked or drank caffeine-
containing beverages such as coffee or tea within the last four hours were 
accepted for the study. 
 
The human ‘core’ body temperature typically ranges from 36.00C to 37.40C 
and participants with ‘core’ temperature readings out of this range were 
excluded to ensure the skin surface temperature would not be affected. 
According to Sessler (2008), body overcomes thermoregulatory defences if 
temperature falls values lesser than 36.00C or greater than 380C. Three factors 
that could interfere the participants’ physiologic temperatures: age, medical 
conditions and drug were also included in the exclusion criteria and were 




The age of the participants was restricted to 21 years and above because fat 
distribution in the abdominal region varied significantly between children and 
adults. Whereas adults had well-established white adipose tissues to provide 
insulation for their body, children primarily have brown adipose tissues to 
generate heat for their body (Cannon & Nedergaard, 2004). Therefore, the 
abdominal skin surfaces of children might produced a temperature profile of 
different patterns that were not of physiologic relevance to this study; the 
exclusion of those aged less than 21 years ensured a uniform representation of 
the abdominal skin surface thermal patterns for comparison.  No maximum age 
restriction was imposed as there was no evidence in the literature suggesting 
changes in brown and white adipose tissue distribution among the elderly. 
Participants with medical conditions such as metabolism-related diseases and 
infections that could result in hypothermia or hyperthermia were excluded from 
the study. Only afebrile participants with good skin integrity of abdominal 
surface, with no evidence of concurrent inflammatory disease were included in 
this study.  
 
It has been reported that drugs may alter body thermoregulation (Cuddy, 2004). 
For instance, drugs such as dinitrophenol or testosterone-containing drugs 
artificially raised the body metabolism rate and skin surface temperatures 
(Grundlingh, Dargan, El-Zanfaly, & Wood, 2011; Welle, Jozefowicz, Forbes, 
& Griggs, 1992). Therefore, participants who taking these drugs were 
excluded. To ensure that the ‘core’ body temperature was not affected by the 
use of other drugs, all participants’ ‘core’ temperature were taken before each 
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measurement. Additionally, participants who were mentally incompetent of 
giving consent to the study were excluded. In this study, all the participants 
fulfilled the eligibility based on the inclusion and exclusion criteria. 
 
Sampling technique.  
A non-probability sampling method using a convenience sample consisting of 
hospital staff on duties was employed in Phase I of the study. To recruit 
participants, the student was stationed in the surgical department in the vicinity 
of the hospital staff between 1100 hour and 1500 hour during the study period. 
Potential participants who walked past the student were approached and 
screened for eligibility. Data collection was conducted in a room within the 
surgical department. Participants who had consumed caffeine-containing 
beverages or smoked more than four hours ago were also included in the study.  
Once determined to meet the eligibility criteria, they gave their verbal consent 




In Phase I, the study was conducted to refine the methods of infrared thermal 
imaging measurement by examining the effects of distance and of the BMI 
category on temperature readings. Therefore, the sample size was based on the 
pragmatics of recruitment and the necessities for examining feasibility (Leon, 
Davis, & Kraemer, 2011). A convenience sample of 30 healthy participants 
with no known medical conditions was used to determine the effects of 
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distance and of the BMI category on abdominal skin surface temperatures 
(Lancaster, Dodd, & Williamson, 2004).  
 
Preparation of equipment and environment for data collection.  
As part of the data collection in Phase I, preparation of the equipment, 
environment and participants were arranged meticulously, as explained in the 
following sections. Firstly, the infrared thermal camera was mounted on a 
tripod stand, connected to a power supply, and switched on. It was allowed to 
stabilise and calibrate in the room for 15 minutes before the first participant 
was studied.  Despite the manufacturers’ claim that external checks were not 
required and that the camera has a built-in internal reference temperature, 
efforts were undertaken to ensure reliability: an ice cube at 0°C was used as a 
reference within the range of 60–100 cm before the procedure to ensure 
accuracy of temperature measurement during data collection. To minimise 
reflective apparent temperatures, the camera lens of the infrared thermal 
camera was positioned at an angle at approximately 20° from the perpendicular 
line at a distance where the entire abdomen frame was captured within the field 
of view, ranging from 30 cm, 60 cm and 100 cm to avoid distortion of the 
images. Before acquiring the first thermal image of the abdominal surface area, 
the infrared thermal camera was set to automatic focus to ensure image 
sharpness and accuracy. To prevent neighbouring incident radiation from 
affecting the emissive radiant flux, the field of view of the infrared thermal 
camera covered the instantaneous field of view completely to ensure that the 
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pixel received thermal radiation from only the object of interest, allowing 
accurate measurement of its temperatures (Larkin, 2011). 
 
After the equipment was set up, the environmental requirements for the clinical 
applications of infrared thermal images were prepared for data collection. The 
first requirement was that the room size must meet a minimum area of 200 cm 
by 300 cm (Ammer & Ring, 2008). This was to prevent the trapping of heat in 
the room. Potential heat sources in the room such as the computer and heavy 
human flow were minimised to stabilize the ambient conditions. Within the 
room, three 10-cm, red-coloured tapes measured using a tape at a distance of 
30 cm, 60 cm and 100 cm in front of the tripod-mounted infrared thermal 
camera were affixed onto the ground. Potential sources of reflected thermal 
radiant heat sources were eliminated; window blinds were drawn to screen 
sunlight and the personal computer and overhead lights were switched off. 
 
The second requirement concerned the ambient conditions, which were a 
critical determinant for human thermoregulation. Therefore, relevant ambient 
conditions were controlled and monitored closely during measurement to 
ensure the stability of the room temperature across different infrared thermal 
image acquisition. There was no specific, ideal room temperature as long as 
participants did not shiver or perspire. Therefore, to ensure that the ambient 
condition did not affect skin surface temperatures, air conditioning with 
draughts directed at the participants was switched off and the overall air speed 
within the room was kept as low as possible (Ammer & Ring, 2008). This 
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served to reduce the effect of air convection to cool the abdominal skin surface. 
Ambient conditions of the clinical room, infrared velocity, temperature and 
relative humidity (measured in percentage) were closely monitored (Hot-Wire 
Anemometer, model TES-1341, TES Pte, Taipei). Measurement resolution was 
determined at 0.1oC, with an air velocity of 0.01 ms-1 and a relative humidity of 
0.10%.    
 
 Data collection.  
The student approached potential participants outside the room to determine 
their eligibility. The participants’ core temperature (determined by the 
tympanic route) was also measured to assess for eligibility. Once the 
participants were found to be eligible, further explanation on the nature and the 
scope of the study were provided. Upon obtaining their verbal consent, they 
were led into the room and asked to remove any belts covering their abdomen 
to prevent visual artefact in the infrared thermal images that could lead to 
errors in the perception or representation of thermal changes. This was 
followed by data collection, which included the completion of their 
demographic data such as age, gender and ethnicity. Then, their clinical data 
including thickness of abdominal adipose tissue layers, abdominal girth, height 
and weight were measured to calculate their BMI. During recruitment, the 
participants were allowed to rest for ten minutes such that their body became 





As with all anatomical imaging studies, the position of the participants was 
standardized for a series of views for each distance. After resting, the 
participants were invited to stand upright with their heads measured at 0.7 to 1 
m (depending on their height) away from the ceiling and their great toes behind 
the red tape marked at a distance of 100 cm. To ensure a well-taken infrared 
thermal image composed of the abdomen composition within the field of view 
and a well-defined abdominal outline, the participants were asked to stand 
firmly with their feet put slightly apart for a good and stable posture. Figure 3 
provided an example of how the abdomen as captured as an infrared image was 
free from folds in order to minimise trapped heat, and depicted a well-defined 
abdominal outline with an optimal focus. 
 
 
Figure 3. An infrared (grey mode) illustration of the abdomen (free from folds) 
within the field of view with a well-defined outline taken with optimal focus.  
 
Subsequently, the centre of the abdominal surface was determined by locating 
and placing a spot meter on the estimated geometric centre of the umbilicus to 
maintain the region of interest at different distances. The procedure was 







the next red tape marked at 60 cm and 30 cm respectively in front of the tripod-
mounted infrared thermal camera. 
 
To minimise heat exchange during the exposure of the abdomen skin surface to 
the ambient parameters, images at the three distances were taken within one 
minute for each participant. Therefore, the total time the abdomen was exposed 
to the ambient temperature was restricted to 3 minutes. (Ammer & Ring, 
2008). The spot temperature readings of the umbilicus obtained at 30 cm, 60 
cm and 100 cm were subsequently studied for the effect of distances (Figure 4). 




Figure 4. An illustration of the position of the infrared thermal camera ranging 
from 30 cm, 60 cm and 100 cm (figure not drawn to scale). The infrared 
thermal camera was positioned with an angle of elevation of approximately 20° 
from the perpendicular line to the umbilicus positioned at 100 cm.  
Ɛ = the amount of emitted heat captured by the thermal detector;  
ρ = the amount of reflected heat captured by the thermal detector;   
 




Data analysis.   
Data analysis was performed using the Statistical Package for the Social 
Sciences version 20 (SPSS, v20). Descriptive statistics were used to describe 
the demographic and clinical data, both. The demographic and clinical data 
were presented as frequency distributions for categorical data while means and 
standard deviations were used for continuous data.  
 
As the sample size in this phase was small with only 30 healthy participants, it 
does not meet the stringent assumptions of the parametric techniques (Pallant, 
2007). Therefore, non-parametric techniques were used. To establish the 
correlation between BMI, abdominal girth and adipose tissue thickness, 
Spearman’s Rank Order Correlation was utilised. Friedman test was used to 
determine differences in skin surface temperatures at a distance of 30 cm, 60 
cm and 100 cm. The umbilicus identified centrally from the thermal maps was 
selected as the focal point for temperature measurement at the interval level. 
The measurement for each participant was independent of one another. The 
statistical significance was set at p < 0.05.  
 
To examine the differences in abdominal skin surface temperature readings for 
participants as stratified by weight, the participants were subsequently divided 
into three groups based on their BMI. The BMI categories were classified by 
weight according to the WHO guidelines (World Health Oganization, 2004). 
The first group where BMI was less than 18.5 kg/m2 was classified as 
underweight, the second group where BMI ranged between 18.5 to 29.9 kg/m2 
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was classified as normal/ pre-obese weight and the third group where BMI was 
more than 29.9 kg/m2 is classified as obese. To ensure complete coverage of 
the abdomen skin surfaces of various BMI captured within the field of view, 
nine abdominal anatomical skin surfaces was assessed at a distance of 100 cm. 
The top horizontal plane was the subcostal plane, which passed through the 
lower border of the tenth costal cartilage on either side. This plane covered the 
bilateral hypochondriac regions (RH and LH), superiorly on each side, and the 
epigastric region (E) superiorly and centrally. The middle horizontal plane was 
the transumbilical plane which passed through the umbilicus at the level of the 
third or fourth lumbar intervertebral disc covering the bilateral lumbar (flank) 
regions (RL and LL), centrally on each side, and the umbilical region (U), with 
the umbilicus as its centre. The bottom horizontal plane was the transtubercular 
(intertubercular) plane, which passed through the tubercles of the iliac crests. 
This plane covered the bilateral inguinal (groin) regions (RIF and LIF), 
inferiorly on each side, and the hypogastric region (H), inferiorly and centrally, 
respectively (Figure 5). Three vertical planes were identified by the bilateral 
mid-clavicular lines, which passed from the midpoint of the clavicle to the 
midpoint of inguinal ligament. Together, these planes form the nine abdominal 
regions of interest in the infrared thermal images. The median temperature 
readings for the nine regions were extracted using the Research IR software 
settings (FLIRSystems Inc., Sweden) for each participant. Kruskal-Wallis test 
was used to analyse for differences in their median skin surface temperature for 





Figure 5. An infrared (grey mode) image of the abdomen illustrating the 
measurement area using the abdominal anatomical landmarks: RH = right 
hypochondrium, E = epigastrium; LH = left hypochondrium; RH = right 
lumbar; U = umbilicus; LL = left lumbar; RIF = right iliac fossa; H = 
hypogastrium; LIF = left iliac fossa. 
 
The infrared thermal images of the abdominal skin surfaces were stratified into 
three BMI categories (Group1: underweight, Group 2: normal/ pre-obese 
weight and Group 3: obese) and were described. The infrared thermal patterns 
of the abdomens were observed for differences among the three groups based 
on the high thermal contrast (HTC) colour shades in the order of white (the 
highest temperature), red, orange, yellow, green, blue, purple, indigo and black 
(the lowest temperature) as detected within the field of view.  
 
Phase II Methodology 
Study design. 
In Phase II, the abdominal surgical wounds were observed to provide a detailed 
description of their temperature readings and infrared thermal patterns using a 
prospective observational design.  The student screened for potential 
participants in the surgical department.  After giving their written consent, the 
participants were given a full explanation of the study and procedure, which 
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consisted of real-time assessments of their surgical wounds temperature profile 
using infrared thermography. On the first visit (before surgery), the 
participants’ variables were collected: demographic data (age, gender, and 
ethnicity); clinical data (BMI, abdominal girth, adipose tissue thickness, 
abdominal skin surface temperature, diagnosis, body ‘core’ temperature and 
medical conditions); type and site of enterostoma closure; and temperature 
readings and infrared thermal patterns of the enterostoma. Immediately after 
surgery, a second visit (“day 0”) was made to obtain the temperature readings 
and infrared thermal images of the abdominal surgical wounds till day 4 after 
surgery. On day 4 after surgery, blood samples investigating neutrophil counts, 
monocyte counts and CRP level were taken to determine their influence on 
heat production on the skin surface. Haematological investigation (which was 
not part of the routine treatment) was performed by the ward nurses. The 
bloods were taken according to the hospital practice. If the participant was 
discharged by day 4, a phone call was made on day 7 and day 30 after surgery 



























 Day 0 Day 1 Day 2 Day 3 Day 4 Day 7 Day 30 
Demographic 
data   
√        
Clinical data √        








√ √ √ √ √ √ √ √ 
Temperature 
readings 
√ √ √ √ √ √ √ √ 
Blood taking      √   
Phone call to 
discharged 
participants 
      √ √ 
 
Figure 6. Time-points for data collection before surgery till day 30 
√ = conducted 
 
Study setting. 
The study was conducted in a colorectal surgical ward (in a tertiary hospital in 
Singapore), with a specialised and comprehensive clinical department for colon 
and rectal surgery. The majority of the patients who required enterostoma 
closure were admitted into this department for the surgery. The ward 
comprised 53 inpatient beds divided into private and subsidized sections. All 
the participants received the standard level of medical and nursing care for 
their pre- and post-operative care and treatment, which included daily wound 




The data for all participants were collected at their bedside in their respective 
rooms in either the private or subsidized section. The sizes of the rooms were 
chosen by the participants based on their class status before admission. There 
were three different room settings in this study:  the single-bedded (Room 
Class – A1) air-conditioned room, the four- or five-bedded Room Class – B1/ 
B2+) air-conditioned room, and the six-bedded (Room Class – B2) natural air-
ventilated room (Figure 7). As the different size of the rooms could had 
resulted in a potential drift in the ambient parameters, participants were 
screened with fire-proof curtains drawn to minimise air movement to stabilize 
the atmospheric condition. To further minimize the influence of atmospheric 
condition on surgical wound temperature, the room temperature, humidity and 
air movement were closely monitored and recorded to be subsequently factored 






Figure 7. Environment settings in the Department of Colorectal Surgery. 
(a) Single-bedded infrared-conditioned room.  
(b) Four- or five-bedded infrared-conditioned room.  
(c) Six-bedded natural infrared air-ventilated room. 
 
Sample size. 
The reported incidence rate of SSIs after enterostomas closure ranges from 2% 
to 41% (Tan, Lim, Tang, & Eu, 2012; Li, Brahmbhatt, Hicks, Davila, Berger, 
    





& Liang, 2014). In a retrospective study conducted between 2005 and 2011, 
out of the 146 patients identified to have undergone enterostoma closure, 32 
(22%) reported infection over their surgical sites (Li et al., 2014). According to 
the records from the hospital (where the study was performed), the estimated 
pool of population admitted for enterostoma closure was approximately 80 
patients per year. Based on past literature, the estimated SSI rate was 22% (Li 
et al., 2014). Therefore, the sample size was calculated based on the population 
proportion formula (Zα/2)
2*P(1-P)*1/E2 where Zα/2  was for a 5% level of 
significance, P was the estimate for 20% SSI rate and E was the 5% margin of 
error at 95% confidence level (Suresh, & Chandrashekara, 2012). The final 
sample size calculation based on the formula was 61 participants. To allow for 
10% refusal and withdrawal rate, the final sample size was 68 participants. 
 
Eligibility criteria.  
The inclusion criteria for Phase II were adults of 21 years of age and above 
who were admitted for enterostoma closure. On the day of admission, potential 
participants identified from the inpatient elective list were approached where 
written consents were obtained. Similar to Phase I, participants were refrained 
from smoking and drinking caffeine-containing beverages within four hours of 
temperature measurement. After surgery, analgesics such as paracetamol and 
low-dose intravenous narcotics (e.g. morphine), were common drugs 
prescribed by surgeons for the intention of pain relief. Apart from analgesic 
properties, paracetamol also produced antipyretic effect by inhibiting the 
hypothalamic heat-regulating centre. However, it has little effect on underlying 
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inflammation occurring in the body (“Paracetamol”, 2016). These participants 
were included for the study and the “core” temperature were measured every 
four hours interval as part of the standard of care for enterostoma closure. 
Additionally, the participants’ ‘core’ temperature were also taken before 
measuring their abdominal skin surface temperature reading. 
 
The exclusion criteria were as follows: the presence of medical conditions that 
might alter the abdominal skin surface temperature; the presence of intra-
abdominal drains; the presence of skin inflammation and scar formation; and 
the mental capacity of potential participants. Medical conditions that could 
interfere with temperature readings included peritonitis (inflammation of the 
membrane lining the inside of the abdomen and internal organs) and colon 
carcinoma with peritoneal neoplasm (i.e. the transmission of pathogenic 
microorganisms or cancerous cells from the colon to the peritoneal cavity).  
Colon carcinoma with peritoneal neoplasm has higher T-cell activity than those 
without peritoneal neoplasm, which might therefore produced higher 
temperature readings (Tripathi, Deane, Zhu, An, Mima, Wang, Padmanabhan, 
Shi, Prodduturi, Ciombor, Chen, Washington, Zhang, & Beauchamp, 2014).  
 
Another exclusion criterion was the presence of intra-abdominal drains. There 
were multiple indications for the insertion of intra-abdominal drains. The 
common medically used drains were the suprapubic catheter, Tenckhoff 
catheter and percutaneous endoscopic gastrostomy (PEG) tube (Gundogan, 
Yurci, Coskun, Baskol, Gursoy, Hebbar, Sungur, & Ziegler, 2014; Hussain, Al-
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Salamah, Aziz, Al-Qahatani, Al-Ohay, & Al-Jabar, 2013; Ahluwalia, Johal, 
Kouriefs, Kooiman, Montgomery, & Plail, 2006). Although the accessed of 
such drains to different organs and spaces is within the abdominal cavity, they 
were threaded in via the abdominal region, thereby potentially influencing the 
skin surface temperature due to complications specific to each of them. 
Insertion of the suprapubic catheter was a common urological procedure to 
drain urine directly from the bladder with long-term complications such as 
urinary tract infections, catheter blockage and site infection (Ahluwalia et al., 
2006). The use of the Tenckhoff catheter was an established form of renal 
replacement therapy in patients with end-stage renal disease for continuous 
ambulatory peritoneal dialysis with peritonitis as one of the common post-
insertion complication (Hussain et al., 2013). Insertion of the PEG tube served 
to provide nutrition directly into the stomach of patients, who might 
accordingly be prone to gastric contents leakage and peristomal ulceration 
(Gundogan et al., 2014). Therefore, participants with intra-abdominal drains on 
admission were excluded. 
 
Adults with skin inflammation and scar formation over their abdominal skin 
surface area were likewise excluded. The skin played an integral role in 
providing protection, biomechanics, sensation, circulation, and 
thermoregulation and is the largest organ of the body (Venus, et al., 2011). 
Therefore, functional complications that prevented the abdominal skin surface 
from emitting reliable temperature readings and patterns were identified. The 
first dermatological problem identified was inflammation such as dermatitis 
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which disrupts the skin structure and normal functions (Vestergaard, Hvid, 
Johansen, Kemp, Deleuran, & Deleuran, 2012). The second dermatological 
problem identified was scar formation, which typically followed any tissue 
trauma. Scar formation is characterised by the generation of a tough, insoluble 
protein substance on the skin, which causes contractures, reduced sensation and 
thermoregulation function over the area (Gauglitz, Korting, Pavicic, Ruzicka, 
& Jeschke, 2011).  
 
Although this study examined surgical wound temperature over the abdomen, 
only abdominal surgical wounds created after closure of enterostoma was 
chosen. There were two rationales to place the emphasis on the site of 
enterostoma closure.  Firstly, all surgical procedures involved different levels 
of infection risk: the risk of SSIs associated with stoma closures conducted at 
the abdominopelvic region (involved the gastrointestinal tract system) was 2.4-
fold higher than clean abdominal surgical wounds (Ortega et al., 2012). 
Therefore, it raised the concern for this group of population. Secondly, the 
focus on only one type of surgical wounds with similar healing process and 
treatments could remove heterogeneity in observation and ensure consistency 
in information when drawing conclusions. Therefore, participants admitted for 
other type of surgical procedures or requiring more than two surgical 
procedures were excluded from the study. Figure 8 illustrated the site of the 










                          (a) Closure of ileostomy                (b) Closure of colostomy 
                      (anterior right lumbar region)         (anterior left lumbar region) 
 
Figure 8. An illustration of the abdominal surgical sites after enterostoma 
closure. 
(a) Site of surgical wound after closure of ileostomy.  
(b) Site of surgical wound after closure of colostomy. 
 
As this was a study that involved observations, photography and blood taking, 
it was considered an ‘intrusive research’ (Dobson, 2008). Therefore, it would 
be unethical to perform it on participants who have the limitations in mental 
capacity to give consent. As defined by the Mental Capacity Act (2010), a 
person lacking mental capacity was where he or she was unable to make a 
decision because of an impairment of, or a disturbance in the functioning of, 
the mind or brain (Singapore Statues Online, 2010). Although written informed 
consent could be taken from the guardian, participants would not be able to 
comprehend questions during each wound assessment, resulting in potential 
errors in reporting. Therefore, participants lacking mental capacity were 







Sampling technique.  
The sampling technique used in Phase II study was convenience sampling. 
Participants admitted to the colorectal surgical ward for enterostoma closure 
were identified and approached at their bedside for consent taking.  Upon 
identification, they were assessed for eligibility. Participants who met the 
eligibility criteria were invited for a full explanation of the study and asked to 
sign the consent. In consent taking, participants were given a full explanation 
of the study, duration of study and frequency of visits for image-taking of their 
abdominal surgical wounds. Participants were also informed that their 
demographic data, abdominal girth measurement, BMI, routine clinical 
parameters, wound conditions and infrared thermal images would be recorded. 
Participants were informed that blood samples were taken on the sixth visit 
(“Day 4” after surgery) to test for neutrophil counts, monocyte counts and CRP 
level. 
 
Preparation of equipment and environment for data collection.  
As with Phase I, the data collection involved the preparation of equipment, 
environment and participants. Specifically, in Phase II, the participants were 
approached before and after surgery where data were collected in their 
different clinical rooms. Significant changes were made due to a change in 
environment and the increased number of visits required.  
 
The clinical technical set-up of the infrared thermal camera for imaging was 
based on not only the standard procedure for infrared thermal imaging in 
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clinical but also the analysis of results from previous data in Phase I (Ammer & 
Ring, 2008). Prior to each infrared thermal imaging, the temperature range 
between –40°C and 150°C was selected in the camera. The emissivity of the 
camera was set at 0.98 in relation to a perfect blackbody with an emissivity of 
1.00 derived from the Stefan-Boltzmann equation, converting energy to 
temperature (Calixto-Carrera, 2009). The temperature span bar was set to auto-
adjustment to capture the maximum and minimum baseline temperatures 
within the field of view. Then the camera was left in the environment for 10 
minutes to calibrate to achieve stable conditions. The positioning of the camera 
lens was dictated by these restrictions: it needed to be mounted at an angle up 
to a maximum of 20° away from the perpendicular line to ensure that the entire 
abdomen frame was captured within the field of view, but not beyond 50° to 
60° to avoid significant changes in emissivity. The distance needed to be 
approximately 60 cm to 100 cm to avoid distortion of the image. Any sources 
of light adjacent to the camera lens were switched off to prevent incident 
reflection. A 0°C temperature reading within the field of view from the melting 
ice cube placed was determined before the procedure to ensure accuracy of 
measurement under this condition. 
 
Before each visit, the atmospheric parameters were monitored and recorded. 
This was because the atmosphere between the abdominal skin surface and the 
camera detector created perturbation in thermal measurement. Some of the 
atmospheric factors that contributed significantly to the absorption of optical 
radiation were water vapour, air movement and temperature (Larkin, 2011;  
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Stuart, 2004; Gaussorgues, 1994; Nicolai, 1956). Therefore, interference of 
apparent temperature and the ambient parameters, which attenuated the exact 
infrared energy from the abdominal skin surface temperature were closely 
measured and monitored. To further reduce the influence of atmospheric 
conditions on the abdominal skin surface temperature through conduction and 
convection (Max, 1991), these two factors were closely monitored and 
controlled. Possible heat sources that could generate heat in the room (e.g. 
computer and heavy human flow) were minimized. Air conditioning with 
direct draughts to the participant was switched off before measurement of skin 
temperature. To prevent neighbouring incident heat sources from affecting the 
emissive radiant flux, the field of view of the camera covered the instantaneous 
field of view completely to ensure that the pixel received heat energy only 
from the skin surface, allowing for accurate temperature measurement (Larkin, 
2011). The findings from Phase I also ascertained that infrared thermal imaging 
could not produce the same temperature reading of the abdominal skin surface 
between a distance of 30 cm, 60 cm and 100 cm. Therefore, to accommodate 
varying sizes of abdominal outlines to fit into the field of view, the distance 
measurement was recommended to standardize at 100 cm during image-taking 
of the abdomen. 
 
 Data collection process.  
Upon obtaining consent from the participants, variables including demographic 
data (age, gender and ethnicity) and clinical data (BMI, abdominal girth, 
adipose tissue thickness, abdominal skin surface temperature and body ‘core’ 
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temperature and medical conditions), type and site of enterostoma closure were 
recorded (Figure 9). The temperature readings and infrared thermal patterns of 
the enterostoma were also taken for baseline reading. This was recorded at the 
first visit of the participants.  
 
Figure 9. Data collection form illustrating the plan. 
 
Before measuring the abdominal skin surface temperature using infrared 
thermal imaging, the student ensured that the participants had not consumed 
caffeine-containing beverages, smoked, engaged in active physiotherapy or 
applied lotion on their abdomen within the past four hours (Chang et al., 2010; 
Murray, Moore, Manning, Taylor, Griffiths, & Herrick, 2009). To record the 




before surgery, six spots (blue) were identified around the circumference of the 







Figure 10. An illustration of the skin surface temperature measurement sites. 
The skin surface temperature of the area measured one inch away from the 
enterostoma (blue spots marked around the stoma circumference). 
 
Immediately after stoma closure, the student made a second visit (“Day 0” after 
surgery) to the participant in the surgical department where the surgical wound 
was identified using the surgical staplers as reference spots for subsequent 
temperature monitoring. Prior to measurement, pillows or blankets covering 
the abdomen were removed to minimize heat trapping. Considering that, in 
Phase I, a significant effect on the abdominal skin surface temperature was 
found when the operational distance between the camera and the skin was 
between 30 cm to 100 cm, herein the distance measurement was standardized 
at 100 cm to accommodate abdominal outlines of varying sizes in the field of 
view. The positions of the participants were also adjusted such that the 
abdomen was free from folds so as to minimize trapped heat (Ammer & Ring, 
2008). As in anatomical imaging studies, the body position for each and 









Figure 11. An illustration of the position of the infrared thermal camera taken 
at distance X (100 cm in this study). Ɛ = the amount of emitted heat captured 
by the thermal detector; ρ = the amount of reflected heat captured by the 
thermal detector (Figure not drawn to scale). 
(a) The angle of the infrared thermal imaging camera was positioned within 
20° from the perpendicular line to the umbilical marking in the supine position.  
(b) The angle of the infrared thermal imaging camera was positioned within 
20° from the perpendicular line to the umbilical marking in the semi-Fowler’s 
position. 
  
Subsequently, the third, fourth, fifth and sixth visits were made on the day 1, 
day 2, day 3 and day 4 after surgery respectively, to the participants’ bedside 
(b) Semi-Fowler’s position (left lateral view) 




between 0900 hour and 1100 hour for sequential mapping traces of infrared 
thermal pattern and changes. All the participants wore loose fitting night-wear 
provided by the hospital throughout hospitalization. To prevent artefact images 
leading to errors in interpretation, the infrared thermal images and temperature 
of the abdominal surgical wounds were taken before wound cleaning and the 
participants’ shower. The images of the abdomens in the anterior view were 
also taken after the participants had rested for more than 30 minutes before 
exposing the surgical wound surface to the ambient air (Ammer & Ring, 2008). 
Once the surgical wound was exposed, the infrared thermal image was taken 
within one minute to reduce heat loss from the skin surface to the ambient air. 
The site of the surgical wound was identified via the staples within the infrared 
thermal images where reference points (in blue) between the staples were 
marked to record the highest, lowest, mean and median temperatures of the 
peri-stomal skin surface before surgery (Figure 12).  
 
Figure 12. An illustration of the skin surface sites where temperature readings 
were taken (blue spots marked between the staples). 
 
By the sixth visit (“day 4” after surgery), approximately 1 ml of blood was 
drawn to test the component of neutrophil counts, monocyte counts and CRP 
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levels from the antecubital fossa site by the ward nurses. As per hospital 
practice, the blood samples were transported immediately to the haematology 
and biochemistry laboratory via a pneumatic tube system for analysis by the 
hospital laboratory technicians. The student extracted the laboratory data from 
participants’ medical record. The diagnosis of SSIs was based on the CDC 
criteria by the participants’ attending physicians during their hospitalization or 
follow-up medical appointment. A follow up phone call was made to the 
participants on day 7 and day 30 to check the condition of the surgical wound 
for infection. 
 
Data analysis.  
In Phase II, the analysis of participants’ demographic and clinical data was 
performed using the Statistical Package for the Social Sciences version 20 
(SPSS, v20). At the outset, frequency distributions were used to describe 
categorical data including gender, ethnicity, type of surgery and site of surgical 
wound, while means and standard deviations were used to describe continuous 
data including age, BMI, abdominal girth, adipose tissue thickness, abdominal 
skin surface temperature, length of hospitalization, days taken to diagnose SSIs 
based on the CDC criteria and blood results. The experimentally collected 
values were plotted against their expected counterparts from the normal 
distribution (as could be suggested by a reasonably straight line). Normality 
test was conducted to assess for violation of the assumptions of linearity and 
homoscedasticity (Mukaka, 2012). To measure the surgical wound surface 
temperature across Days 0 to 4 between participants with non-infected and 
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infected surgical wounds, a one-way repeated measures ANOVA test was 
proposed. Friedman test was used as non-parametric alternative if there was a 
violation of the assumptions. To compare for difference in the surgical wound 
temperature between participants with non-infected and infected surgical 
wounds at Day 0, Day 1, Day 2, Day 3 and Day 4, independent t-test was 
proposed. Mann Whitney U test was used as non-parametric alternative to test 
the median temperature of the two groups if there was violation of the 
assumptions. The demographic data tested were gender, ethnicity and age 
while the clinical data were BMI, abdominal girth, adipose tissue thickness, 
types of procedure, site and length of wound. Statistical significance was set at 
the level of p < 0.05. All statistical hypotheses were tested using two-tailed 
tests.  
   
The infrared thermal patterns of the non-infected and infected surgical wound 
surfaces were analysed from the infrared thermal images. Information of 
required constituent distribution, such as the infected segment of the surgical 
wound, was subsequently obtained from the pixel-to-pixel spectral variation to 
form thousands of pixel spectra on the region of interest from the cells in the 
Excel File format. The measurement area of the stoma and surgical wounds 
were standardized. Temperature readings from these measurement points as 
shown in Figure 10 for the stoma and Figure 12 for the surgical wounds were 
extracted from the infrared thermal images for analysis. The temperature 
readings were analysis for differences from Day 0 to Day 1 to Day 2 to Day 3 
and to Day 4 using Friedman test for both infected and non-infected abdominal 
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surgical wounds. Then, the highest, lowest and median temperatures of the 
infected surgical wound at Day 0, Day 1, Day 2, Day 3 and Day 4 were 
compared with the non-infected surgical wound using the Mann-Whitney U 
test for differences. 
 
After ascertaining that no defective pixels were detected, the images were 
categorised into infected and non-infected abdominal surgical wounds based on 
the CDC criteria. Subsequently, mapping was performed where images were 
arranged into a sequential motion to observe for temperature changes, patterns 
and distribution. The region of interest for the infected and non-infected 
abdominal surgical wounds were described and reported independently based 
on the high HTC colour shades in the order of white (the highest temperature), 
red, orange, yellow, green, blue, purple, indigo and black (the lowest 
temperature) as detected within the field of view. Then, the infrared thermal 
images for each participant were analysed by sequentially comparing the 
spectra of abdominal regions acquired from repeated daily abdomen 
measurement. By comparing the images, thermal distribution and 
characteristics of the surgical wounds were described and reported. However, 
one of the common comparisons for thermal changes of the surgical site was 
described with the skin surface temperature of the adjacent sides sharing a 
common vertex (Figure 13). Therefore, to minimize the risk of misjudgement 
for similarities and differences due to subjective interpretation, the analysis of 
localised regions of participants’ abdominal surgical wounds infrared thermal 
patterns were further benchmarked against the adjacent site (as the control).  
84 
 






Figure 13. An illustration of the temperature measurement area adjacent to the 
surgical wound. 
(a) The right iliac fossa surface area (blue dot) adjacent to the left surgical site. 
(b) The left iliac fossa surface area (blue dot) adjacent to the right surgical site. 
 
Extraction of Temperature Readings, Processing of Infrared Thermal 
Images and Interpretation in Both Phases 
As mentioned in Chapter 2, infrared thermography is a type of imaging which 
provides real-time, two dimensional infrared thermal images based on the 
emission of heat. The measurement of the heat directly representative of the 
energy possessed by the abdominal skin surface influenced by the blood supply 
is translated into temperature readings in degree Celsius (Bentley, 1998). To 
achieve this, the InfraRed Camera FLIR T640 (ALX Pte, Singapore) was used 
in both phases for this study. The main components of InfraRed Camera FLIR 
T640 (ALX Pte, Singapore) were the thermal detectors to detect slight changes 
in temperature, a 25° field of view to capture the entire abdominal region 
within a distance of 1 m and a noise equivalent temperature difference (NETD) 
variation limited to <0.035°C at 30°C to improve the quality of the raw 
measurements. 
 
(a) Control site for left 
surgical site 
(b) Control site for right 
surgical site  
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The thermal detectors produced high-end image resolutions of 640 × 480 pixels 
(normally counted from left to right and top to down). The angle measurement 
that corresponded to each size of one detector element (pixel) projected 
through the lens was the instantaneous field of view. It was defined as the 
angle subtended by a single detector element on the axis of the optical system. 
The remote sensing imaging system of this camera with a spatial resolution of 
0.68 mrad could detect 0.68 mm seen at a distance of 100 cm. The field of 
view referred to the widest length of an image measured in degrees, the heat 
energy of which can be effectively detected by a sensor. The camera was 
calibrated and certified using a radiation source blackbody (FLIR Systems AB, 
Sweden) at a series of measurements of known temperatures, and was carried 
out to conform to ISO 9001 standards. 
 
Extraction of temperature readings in both phases. 
At the outset, all infrared thermal images in each phase were coded 
individually and saved systematically in the database for analysis and 
processing using the Research IR software settings (FLIRSystems Inc., 
Sweden). Before extracting the temperature readings from the images, 
parameters such as skin emissivity values, atmospheric temperature, relative 
humidity and distance between the abdomen and the camera lens detector were 





The temperature readings of the abdominal skin surfaces were produced in 
each pixel within the field of view of an infrared thermal image. Therefore, the 
combination of the temperature readings from all the pixels within the entire 
field of view for one infrared thermal image were exported as comma-
separated values (CSV) into Microsoft Office Excel 2007 Version where one 
pixel represented one cell to enable analysis of infrared thermal differences. 
Then, selected temperature readings were subsequently extracted and analysed 
using the Statistical Package for the Social Sciences version 20 (SPSS, v20). 
 
Processing of infrared thermal images in both phases. 
After extracting the temperature readings for data analysis, the study proceeded 
to describe the infrared thermal images. All infrared thermal images taken in 
both phases, which were presented as divided pixels known as digital images, 
were different from the photographs, which were presented in only grey or 
colour modes termed analog images. To ensure an accurate analysis of these 
raw images, effective data pre-processing was planned to improve result 
quality. Firstly, all infrared thermal images were subjected to simplification 
using the thresholding method to inspect visually for noise levels, holes and 
diverse instrumental artefacts. As the thermal sensitivity of NETD variation of 
the Model FLIR T640 device sensor detected from the abdominal surfaces 
appearing in the field of view in this study was limited to less than 0.03°C at 30 
°C, the narrow temperature differences have an insignificant impact on the data 
analysis.  Subsequently, the infrared thermal images were inspected manually 
for diverse instrumental artefacts to detect anomalous pixel spectra that were 
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common encounters in image measurements. The instrumental artefacts are 
caused by a malfunctioning transistor, producing dead pixels that are 
manifested as permanently black (Larkin, 2011). These dead pixels do not 
produce any temperature readings and could cause temperature deviation. 
 
This was followed by the conversion and computation of the infrared thermal 
images by the Multivariate Image Analysis (MIA) approach (Wise, & Geladi, 
2000). During MIA, the displays of the infrared thermal images were replaced 
with a spectrum of the High HTC mode scale for colour rendering to 
differentiate the temperature differences (Figure 14): the higher temperatures 
were rendered as brighter colours (yellow, red and white), while the lower 






Figure 14. Infrared thermal images of the abdomen using the thresholding 
method to detect diverse instrumental artefacts to eliminate pixels that showed 
unexpected spectral readings, outliers and dead pixels (FLIRQuickreport 
Software). 
(a) Uncorrected infrared thermal image of the abdomen using the ‘iron’ mode 
with a temperature range of 27.6°C to 37.6°C. 
(b) Corrected infrared thermal image of the abdomen using the HTC 
(Rainbow) mode with the temperature range adjusted to 30°C to 38°C to 
highlight the temperatures of the surgical site. 
 
    
                     (a) Uncorrected                                                    (b) Corrected 
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Using this approach, the spectrum contrast on the abdomen surfaces with 
narrow thermal differences highlighted the intended spectral readings of the 
infected abdominal surgical wounds. This allowed a second inspection for 
anomalous pixel spectra and diverse instrumental artefacts to be traced that 
might influence the results of the image for optimal analysis.  Unexpected or 
missing spectral readings were reflected as black pixels on the image and were 
eliminated to prevent errors in interpretation. Subsequently, the temperature 
span was adjusted manually to be 30°C to 38°C for two purposes. The first was 
to downplay the temperature from the background to highlight the abdominal 
infrared thermal patterns; the second was to standardise the temperature span to 
ensure uniform comparison across images during mapping. Temperature 
readings out of this range were shown as white or black colour and recorded as 











(a) Auto temperature span bar (24°C to 35.5°C) before adjustment 
 
 
(b) Manual temperature span bar (30°C to 38°C) after adjustment 
Figure 15. An illustration of the effects of HTC colour infrared thermal images 
using auto span bar and manual span bar settings. (a) The auto span bar depicts 
the lowest and highest temperatures on the infrared thermal image. (b) The 
adjusted temperature span bar depicts only the temperatures within the pre-set 
range. 
 
Interpretation of abdominal skin surface infrared thermal patterns 
in both phases.  
The general presentation of the infrared thermal images of the abdominal 
surgical wounds was described in this section. The spatial distribution of heat 
from the abdominal skin surface was transformed into a visible image, 
displayed as infrared thermal patterns. After converting the infrared thermal 







infrared thermal images were manually adjusted from 30.0°C to 38.0°C to 
ensure consistent representation of temperature readings by colours: higher 
temperatures were rendered as brighter colours (yellow, red and white) and 
lower temperatures as darker colours (black, purple, blue and green). This 
ensured that the various temperatures were consistently represented by the 
colours, allowing better comparisons of infrared thermal images between 
participants. The highest skin surface temperatures within the abdominal region 
were identified to examine the behaviour of the thermal characteristics of the 
surgical wound and the surrounding skin. Given the standardised temperature 
range in this study, each colour unit ran from the lowest to the highest 
temperature in sequential shades of purple, blue, green, yellow, red and white 









                                                
Figure 16. Differentiation of colours for temperatures ranging 30°C to 38°C 
using classification in the HTC mode to describe the patterns observed in 
infrared thermal images.  An upward change in colour (i.e. yellow to red) 
indicates an elevation in temperature while a downward change in colour (i.e. 





















Each infrared thermal colour provided a description of temperature gradient 
and distribution on the abdominal surface. The spectrum of colours: purple, 
blue and green has been matched by the infrared thermal device to the 
temperature span from 30.00C to 34.90C and were referred as the 'cold' colours 
in this study. The spectrum of colours: yellow, red and white were matched to 
the temperature span from 35.00C to 38.00C and were referred as the 'warm' 
colours in this study. Collectively, these colours form the infrared thermal 
patterns of the captured abdominal region. Such patterns were examined for 
differences between non-infected and infected abdominal surgical wounds. In 
this study, the colours were classified as inherently ‘warm’ or ‘cold’; and, they 
served as representatives of warm and cold areas in relation to the entire 
abdominal region as well as between successive infrared thermal images. 
Therefore, by observing and comparing the infrared thermal patterns between 
infected and non-infected surgical wounds, pertinent information might be 
obtained to elucidate the pathophysiology of tissue injury for this study.  
 
Ethics 
Both Phases I and II of this study were approved by the Centralized Institute 
Review Board (CIRB) in Singapore (Appendix A and Appendix B). The 
student completed and obtained the Biomedical and Good Clinical Practice 
certification via the Collaborative Institutional Training Initiative program to 
maintain awareness of the human subject protection and ethical considerations. 
The following ethical principles were used to guide this study – beneficence, 
respect for human rights, confidentiality, justice and non-maleficence, as 
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spelled out in the Belmont Report (The National Commission for the 
Protection of Human Subjects of Biomedical and Behavioral Research, 1979). 
 
For both phases, all participants were screened for eligibility by the student 
before their consent was obtained. In Phase I, a full explanation of a one-time 
data collection was provided to obtain the participants’ verbal consent before 
measuring their abdominal skin surface temperature readings. They were 
assured that their participation was strictly voluntary with no coercion.  In 
Phase II, the student obtained written consent from the participants after giving 
a full explanation of the data collection involving six visits. They were also 
informed that their withdrawal at any time during the study would be respected 
and that neither obligation nor penalty would be imposed. Their consent was 
taken with in strict privacy and all practicable steps were adhered to ensure a 
full explanation of the study objectives and the data collection (Appendix E).  
The participants were reassured that their post-surgery wound management 
would not be compromised and they would receive the same level of standard 
care as appropriate. All assessments and infrared thermography of the 
abdominal surgical wounds were conducted during wound dressing to 
minimize unnecessary surgical wound exposure and inconvenience to 
participants’ resting time.  
 
The demographic and anthropometric data collected during the study were de-
identified from the participants to ensure anonymity. The de-identified data 
were accessible only on a password-protected computer maintained by the 
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student. All data collected were kept confidential (accessible by only the 
student) and coded for data analysis; the participants’ names were not 
published in any research reports. Efforts were also made to assure participants 
that their well-being was secured and that no harm and risk to their health 
would result from the study. To ensure minimal disruption of the routine 
hospital workflow during data collection, the student adhered to the wound 
dressing timing scheduled by the nurses when capturing the infrared thermal 
images of the abdominal surgical wounds. The participants’ blood samples 
drawn on day 4 were despatched to the biochemistry laboratory, as was part of 
the in-ward routine practice. All research data were retained by the student 
under lock and key for a maximum of six years upon study completion in 




















In this chapter, results from Phases I and II were presented in two main 
sections. The first section concerned the findings from Phase I, wherein was 
reported the strength of the correlation of the BMI with the abdominal girth 
and with the thickness of adipose tissue layers, proceeding to examine for 
differences in abdominal temperature readings at distances of 30 cm, 60 cm 
and 100 cm. The abdominal skin surface temperature readings for each 
anatomical region were also compared between the underweight, normal-
weight/pre-obese and overweight categories. Lastly, the infrared thermal 
patterns of the abdominal skin surface were described. 
 
The second section concerned the findings from Phase II, wherein were 
reported the results for the 60 participants with abdominal surgical wounds. 
First, the homogeneity of variable distribution was discussed for demographic 
data (including gender, age and ethnicity) and clinical data (including BMI, 
abdominal girth, adipose tissue, layer) taken before surgery between the 
infected and non-infected surgical wounds.  Subsequently, the temperature 
readings and infrared thermal patterns of non-infected and infected abdominal 





Phase 1: Sample Characteristics 
In January 2013, a total of 30 healthy participants who met the eligibility 
criteria consented to participating in the study. Data collection was conducted 
in a clinical room measuring 240 cm by 320 cm to ensure minimal heat trapped 
within the room. Other ambient parameters rendered consistent were as 
follows: the ambient temperature was maintained between 24.0°C and 24.3°C, 
the relative humidity between 60.0% and 62.0%, and the air movement below 
the speed of 0.01ms-1. The entire data collection lasted one week; all the 
participants completed the data collection. The following section outlined the 
findings for Phase I. 
 
Socio-demographic and anthropometric data for participants                   
In this phase, the participants consisted of 23 (76.7%) females and 7 (23.3%) 
males. Their ages ranged from 21 to 52 years old (median = 27 years old, inter-
quartile range [IQR] = 24 – 31.5 years old) and their mean age was 29.43 years 
(SD = 9.01). As regards ethnicity, 43.3% of the participants were Chinese, 
23.3% Malays, 16.7% Filipinos, 10% Indians and 6.7% Burmese. The body 
‘core’ temperatures of the participants ranged from 35.8°C to 37.4°C (mean = 
36.57°C, SD = 0.39; median = 36.55°C, IQR = 35.3°C – 36.9°C). None of the 
participants reported medical conditions of concurrent inflammatory diseases 
or co-morbid conditions on recruitment. 
 
Anthropometric data such as abdominal adipose tissue layer, abdominal girth 
and BMI were collected (Table 2). Three participants had a BMI of less than 
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18.5 kg/m2, while  23 participants (76.7%) had BMIs within the range of 18.5 
kg/m2 to 29.9 kg/m2 and the remaining four (13.3%) participants had a BMI 
exceeding 29.9 kg/m2 based on the WHO BMI classification (World Health 
Oganization, 2004). Their abdominal girths ranged from 65 cm to 108 cm 
(median = 78cm, IQR =71 – 89.8 cm), with the mean being 81.67 cm (SD = 
12.78). The thickness of their abdominal adipose tissue ranged from 4 mm to 
39 mm (median = 16 mm, IQR = 10.8 – 25 mm), with the mean thickness 
being 18.03 mm (SD = 10.27). 
 
Correlation between BMI, abdominal girth and abdominal adipose 
tissue layer  
Given a small sample size of 30, non-parametric Spearman’s Rank Order 
Correlation was conducted. A strong and positive correlation was found 
between the BMI and the abdominal girth (r = 0.87, p < 0.001), with a higher 
BMI correlating with a higher abdominal girth. Likewise, a strong and positive 
correlation was found between the BMI and adipose tissue thickness (r = 0.78, 
p < 0.001), with a higher BMI correlating with thicker adipose tissue layers. 
Collectively, such results from Spearman’s Rank Order Correlation suggested 
Table 2 
 
Anthropometric Data for Healthy Participants (N = 30) 
  No. of participants Mean Median Range 
Overall BMI 30 22.73 20.50 17.00 – 37.00 
BMI less than 18.5 (kg/m2) 3 17.33 17.00 17.00 – 18.00 
BMI between 18.5 – 29.9 (kg/m2)          23 21.43 20.00 19.00 – 27.00 
BMI more than 29.9 (kg/m2) 4 34.25 33.50 33.00 – 37.00 
Abdominal girth (cm) 30 81.67 78.00 65.00 – 108.00 
Adipose tissue thickness (mm) 30 18.03 16.00 4.00 – 39.00 
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that the BMI correlated with the abdominal girth and with the thickness of 
adipose tissue layers. 
 
Differences in abdominal skin surface temperature readings and 
infrared thermal patterns at distances of 30 cm, 60 cm and 100 cm  
In this section, the surface temperatures of the abdomen taken at distances of 
30 cm, 60 cm and 100 cm were examined for differences. To ensure a 
consistent measurement point on the abdominal infrared thermal images, the 
umbilicus, which was an easily identifiable landmark, was determined as the 
spot temperature for direct reference within the field of view using the camera 
spot meter as shown in Figure 17. 
 
 
Figure 17. An illustration of the infrared thermal images (HTC mode) at 
various distances for a participant with normal/ pre-obese BMI. The umbilicus 
identified (white arrow) within the measured area was used as direct references 
and comparisons.  
 
Although results from both Kolmogorov-Smirnov statistics and Shapiro-Wilk 
statistics reported significant values of more than 0.05 for the three distances 
suggesting no violation for the assumption of normality for the temperature 
readings, they did not meet the stringent assumptions of the parametric 
 
            Distance: 30 cm                  Distance: 60 cm                     Distance: 100 cm                                                 
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techniques with only 30 healthy participants (Pallant, 2007). Accordingly, the 
Friedman test was conducted to compare the temperatures at distances of 30 
cm, again at 60 cm and yet again at 100 cm. The results indicated that there 
was a statistically significant difference in temperature taken at three distances, 
χ2 (2, n = 30) = 54.1, p < 0.005. Inspection of the median values revealed a 
decrease in temperature with distance: from 30 cm (median = 36°C, IQR = 
35.2–36.5°C) to 60 cm (median = 35.7°C, IQR = 34.9–36.3°C) and a further 
decrease to 100 cm (median = 35.4°C, IQR = 34.6–36.1°C) (Table 3).  
  
Table 3 
Mean (range) Temperature (°C) in the Region of the Umbilicus at 30 cm, 60 cm 
and 100 cm (N = 30) 
 
The participants were categorised according to the WHO BMI  classification: 
those whose BMI less than 18.5 kg/m2 were categorised as underweight; those  
within the range of 18.5 kg/m2 to 29.9 kg/m2 as normal/pre-obese weight; and 
those exceeding 29.9 kg/m2 as overweight (World Health Oganization, 2004).  
Figure 18 depicted the infrared thermal images of the abdomens for each BMI 
category at 30 cm, 60 cm and 100 cm, illustrating similar patterns with 
increasing distance.  
 
 Temperature of umbilicus (°C)  
 Distance  Mean SD Median IQR p-value 
30 cm 35.9 0.78 36.0 35.2 – 36.5  
< 0.001 60 cm 35.6 0.76 35.7 34.9 – 36.3 
100 cm 35.3 0.79 35.4 34.6 – 36.1 






Figure 18. An illustration of infrared thermal images (HTC mode) taken at 
various distances of healthy abdominal skin surfaces. Each infrared thermal 
image shows the temperature range in degree Celsius on the right column. The 
colour spectrum shows temperature range reflected on the skin surface: the 
highest temperature is indicated as bright yellow and the lowest as dark purple.  
(Down) Figures A1, B1 and C1 depict infrared thermal patterns of participants 
taken at 30 cm; Figures A2, B2 and C2 depict those taken at 60 cm; and 
Figures A3, B3 and C3 depict those taken at 100 cm. (Across) Figures A1, A2 
and A3 depict infrared thermal patterns of underweight participants; Figures 
B1, B2 and B3 depict those of the obese ones; and Figures C1, C2 and C3 





                    Distance: 30 cm                     Distance: 60 cm                   Distance: 100 cm    
                1                                             2                                            3                                         
 
   Body Mass Index: <18.5 kg/m2 (abdominal girth:  68–71 mm, abdominal skin layer: 4–13 mm) 
 
 
   Body Mass Index:  18.5–29.9 kg/m2   (abdominal girth: 65–99 mm, abdominal skin layer: 4–33    










































 Differences in abdominal skin surface temperature readings and 
infrared thermal patterns between different BMI categories   
  
The healthy participants were categorised into three groups based on their 
BMIs (Group 1: underweight; Group 2: normal/pre-obese; Group 3: obese) to 
compare for differences in abdominal surface temperature measured at a 
distance of 100 cm. Since the number of participants in group 3 was fewer than 
five, the Kruskal-Wallis test was used to analyse the differences in their 
median skin surface temperature for each section of the nine regions. The 
temperature readings of the abdominal skin surface were analysed for each 
region at 100 cm for underweight, normal/pre-obese and obese participants 
(Table 4).  
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 p-value was determined by Kruskal-Wallis Test 
NS = not significant 
(* denotes percentiles 25 to – 50 – only three valid participants in the group) 
Table 4  
Temperature Readings of the Nine Abdominal Skin Surface Region in each BMI Category (N = 30) 
 All participants (N = 30) BMI < 18.5 kg/m2  
(Underweight, N = 3) 
BMI 18.5 – 29.9 kg/m2  
(Normal  weight/pre-obese, N = 23) 
BMI > 30 kg/m2  
(Overweight, N= 4) 
 p-
value 
 Mean Range Median IQR Mean Range Median IQR Mean Range Median IQR Mean Range Median IQR  
Right  










































































































































































































































The median temperature readings acrossed the nine regions for all healthy 
participants ranged from 32.1°C to 33.5°C (mean = 32.0°C–33.2°C).  A 
declining (albeit insignificant) trend is observed in the median and mean 
temperature readings for each region with increasing BMI. The decreases were 
as follows: left hypochondriac region (median: from 33.4°C to 32.3°C; mean: 
from 33.4°C to 32.3°C); epigastric region (median: from 33.0°C to 31.7°C; 
mean: from 33.4°C to 31.7°C); right hypochondria region (median: from 
34.1°C to 32.3°C (mean: from 33.7°C to 32.3°C); left lumbar region (median: 
from 34.0°C to 32.2°C; mean: from 33.7°C to 31.8°C); umbilical region 
(median: from 33.9°C to 32.1°C; mean: 33.8°C to 31.9°C); right lumbar 
region (median: from 33.4°C to 32.3°C; mean: 33.4°C to 32.3°C); left iliac 
region (median: from 33.7°C to 31.8°C; mean: 33.3°C to 31.7°C); hypogastric 
region (median: from 33.5°C to 31.2°C; mean: 33.1°C to 31.5°C); and right 
iliac region (median: from 34.1°C to 32.0°C; mean: 33.8°C to 32.2°C. On 
average, obese subjects had lower mean abdominal temperature readings than 
did their underweight and normal weight/pre-obese counterparts, though this 
was not statistically significant (p > 0.05). 
 
A comparison of the infrared thermal patterns of the underweight participants 
with those of the obese participants yielded the findings that the latter had 
larger surface areas of black and purple areas than the former (Figure 19). 
Specifically, the left hypochondriac, epigastric, right hypochondriac, right 
lumbar, left iliac, umbilical and hypogastric regions presented as red and 
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yellow among underweight participants but as blue and purple among obese 
ones, suggesting that the obese participants had larger, colder abdominal skin 
surface area.  
 
 Figure 19. An illustration of the infrared thermal images of abdominal skin 
surfaces belonging to three participants taken at a distance of 100 cm: (a) 
underweight, (b) normal/pre-obese and (c) obese. The body compositions of 
the participants filled the field of view with increasing body size for the same 




Phase II: Sample Characteristics  
This chapter reported the findings of Phase II. The recruitment was conducted 
from January 2013 to November 2013 in an acute surgical ward. In this study, 
the ambient temperatures at the participants’ bedside ranged from  24.0°C to 
29.0°C and relative humidity from 50.0% – 90.0%; the air movement was less 
than 0.01m-s in all clinical rooms. There were 71 participants admitted for the 
closure of enterostoma, who were screened for eligibility in the study. 
However, one participant had dry, flaky skin condition over his abdomen and 
three participants required additional surgical interventions during 
enterostoma closure. Therefore, a total of four participants who did not meet 
the inclusion criteria were excluded from study before consent-taking.  A total 
of 67 participants proceeded with consent-taking but three participants refused 
to participate in the study. The remaining 64 participants agreed and enrolled 
 
        (a) Underweight           (b) Normal to pre-obese                 (c) Obese 
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for the study. However, during data collection, one participant dropped out 
from the study due to anastomotic leak and three participants were non-
contactable after returning to their countries upon discharge (Table 5), leaving 




Demographics and Reasons for Dropping out from the Study (n = 7) 
 
Sex Age Type of surgery Reason for study termination 
Female 48 Closure of ileostomy Refused to  participate in the study  
Male 52 Closure of colostomy Refused to participate in the study 
Female 45 Closure of ileostomy Refused to participate in the study 
Male 42 Closure of colostomy Non-contactable  
Male 32 Closure of ileostomy Non-contactable   
Female 63 Closure of ileostomy Developed complications 
Male 53 Closure of ileostomy Non-contactable  
  
During data collection, three participants were transferred to the high 
dependency unit immediately after surgery (Day 0) for monitoring and were 
not available for data collection. They were transferred back to the general 
ward on Day 1 and the student resumed data collection.  On Day 3, two 
participants were discharged; on Day 4, another eight participants were 
discharged.  On Day 7, a follow-up on all 60 participants’ surgical wounds 
was made. On Day 30, a call was made to check on their surgical wounds for 
infection (Figure 20). Infrared thermal images were taken of the infected and 
non-infected abdominal surgical wounds of these 60 participants for 





Figure 20. Flow chart of recruitment and data collection  
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Socio-demographic and clinical data   
In this phase, the participants consisted of 27 females and 33 males. Taylor 
and LeMone (2011) had found that fluctuations in body temperature were 
observed more commonly amongst females, its chief underlying cause being 
hormonal changes during the menstrual cycle. This should not constitute a 
concern in this study because the female participants either had not happened 
to have experienced menstruation during the observation period or had already 
reached menopause. Their age ranged from 47 to 82 years old, with the mean 
age being 65.22 years (SD = 9.29). For the population of this age group, the 
temperature of the abdominal skin surface might be affected due to diminished 
regulatory control by the skin. McLellan et al. (2009) had found that 
participants above 50 years of age responded more slowly to environmental 
changes when the atmospheric temperature fell below 16°C. However, this 
study was conducted in an environment with atmospheric temperature kept 
within the range of 24°C to 29°C. Therefore, the temperature readings in this 
study were unlikely to be affected by the atmospheric temperature. A total of 
53 (88.40%) participants were Chinese, followed by five (8.30%) Malays and 
two (3.30%) others. Concerns might arise for the skewed percentage in 
ethnicity as regards the level of melamin, which may affect skin temperatures. 
However, Venus et al. (2011) had demonstrated that melanin would only be 
affected by radiation within the visible spectrum (i.e. visible light), thereby 
giving rise to skin colours of different tones; melanin would be unaffected by 
radiation within the infrared spectrum, thereby giving rise to no changes in the 
skin  temperatures. Participants who underwent the closure of ileostomy 
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numbered 45 (75.0%) and those who underwent the closure of colostomy 
numbered 15 (25.0%). The surgical wounds were closed using surgical staples 
with length ranged from 5 cm to 10 cm, with the mean length being 6.06 cm 
(SD = 0.87). 
 
The abdominal surgical wounds of three participants developed redness with 
hemoserous exudate on Day 3 after surgery and were deliberately opened by 
surgeons. Thus, a total of three (5.0%) SSIs were detected by surgeons in 
hospital. Through a follow-up call on Days 7 and 30 after surgery, 10 
participants (16.7%) were diagnosed with SSIs by their community physicians 
after discharge, and another two discharged participants (3.3%) were 
diagnosed by the hospital physicians. Thus, a total of fifteen participants 
developed SSI in this study. The mean number of days taken to detect SSIs in 
this study was 7.8 days (SD = 0.86). In total, 15 SSIs (25.0%) were diagnosed 
in this study; the patients thus diagnosed received daily dressings and oral 
antibiotic treatment. A test of normality was conducted for the independent 
variables (gender, race, type of wound closure, site of wounds and length of 
wounds), which suggested a violation of the assumption of normality (p < 
.001).  Therefore, Friedman and Mann Whitney U tests were used in Phase II. 
 
Demographic data between participants with SSIs and those without   
In general, no statistically significant differences were detected for the 
demographic data between participants with and without SSIs: numerical 
variables (gender, ethnicity and type of diagnosis) and categorical ones (age, 
108 
 
body core temperature and peristomal skin temperature). As regards the 
genders of the participants, the group with infected surgical wounds comprised 
five (8.3%) females and ten (16.7%) males whereas that with non-infected 
surgical wound group comprised 22 (36.7%) females and 23 (38.3%) males.  
No differences in gender was found between the two groups (χ2 = 0.56; p = 
.45).  As regards the ethnicity, the majority of the participants were Chinese 
and no differences were found in ethnicity between the two groups (χ2 = 0.74; 
p = .69). As regards the diagnoses, 55 (91.7%) participants diagnosed with 
carcinoma of the colon, three (5.1%) with diverticular disease, one (1.6%) 
with carcinoma of the ovary and one (1.6%) with colo-visceral fistula. There 
were no differences found in disease between the infected and non-infected 
surgical wound groups (χ2 = 0.83; p = .66). 
 
For demographic variables, no differences were found in the age between 
participants with infected abdominal surgical wounds (median = 65, IQR= 59–
74, n = 15) and those with non-infected ones (median = 65, IQR = 56–71, n = 
45) showed no differences with U = 310.5, Z = –0.46, p = 0.64, r = 0.06. 
Similarly, no differences were found for the body core temperature taken 
before surgery between participants with infected wounds (median = 36.4°C, 
IQR = 36.1–36.7°C, n = 8) and those with non-infected ones (median = 
36.4°C, IQR = 36.1–36.7°C, n= 26) U= 101.5, Z = –0.26, p = 0.79, r = 0.03.  
The same applied to the peristomal skin temperature before surgery between 
participants with infected wounds (median = 34.5°C, IQR = 34.1–35.1°C, n = 
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8) and those with non-infected ones (median = 35.4°C, IQR = 34.6–35.7°C, 
n= 26) U= 66.5, Z = –1.63, p = 0.10, r = 0.21 (Table 6).  
p-value determined by Chi-square test for gender, ethnicity and diagnosis 
p-value determined by Mann-Whitney U test for age, body core temperature 
and peristomal skin temperature  
NS = not significant, a = Fisher’s exact test was used for calculation given the 
presence of more than 20% of the cells with an expected frequency < 5  and/or 
the presence of  cells with an expected frequency < 1. 
 
 
Table 6  
 
Participants’ Demographics Data Between the Non-infected and Infected Surgical Wound Groups 
(N=60) 
 
 Infected abdominal surgical 
wounds 
n = 15 
Non-infected abdominal 
surgical wounds  





Characteristics F % f % χ2 
Gender: 
      
     Female 5 33.3 22 48.9 
0.56 0.45 NS 
     Male 10 66.7 23 51.1 
Ethnicity:       
     Chinese 13 86.7 40 88.9 
0.74 0.69 NS      Malay 1 6.7 4 8.9 
     Others 1 6.7 1 2.2 
Diagnosis:       
     Carcinoma    
     Colon 
13 86.6 42 93.4   
     Diverticular     
     Disease 
1 6.7 2 4.4 0.83 0.66 NS 
     Others 1 6.7 1 2.2   
Characteristics Mean  SD Median  Range Mean  SD Median  Range Z p-value 









 34.7  1.04 34.5      33.3–36.8    35.1   0.7   35.4   33.7-36.3 –1.63 0.10 NS 
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Clinical data between participants with SSIs and those without   
In general, no statistically significant differences were detected for the clinical 
data between participants with and without SSIs: categorical variables (type of 
surgical procedure, site of surgical wound and BMI category) and numerical 
ones (abdominal girth, thickness of adipose tissues and length of surgical 
wounds). As regards the type of surgical procedure, the most common type of 
surgery performed was the closure of ileostomy (N = 45, 75.00%), followed 
by that of colostomy (N = 15, 25.00%), with no difference between the groups 
(χ2 = 0.03; p > 0.05). As regards the site of surgical wound, the commonest 
was the right lumbar region (N = 43, 71.7%), where ileostomy was commonly 
located, followed by the left lumbar region (N = 10, 16.7%), where the 
colostomy was commonly located. There were seven participants with their 
surgical sites located at the umbilical (N = 2, 3.3%), right hypochondria (N = 
2, 3.3%) and left hypochondriac (N = 3, 5.0%) regions. There was no 
difference in the sites of wound between the groups (χ2 = 1.77; p > 0.05). As 
regards the BMI, the majority of the participants were within the normal/pre-
obese weight category (N = 52, 86.7%) and there was no difference between 
the participants with infected and non-infected abdominal surgical wounds (χ2 
= 0.81; p > 0.05).  
 
For clinical variables, no differences were found in the abdominal girth 
measurement (U= 314.0, Z = –0.06, p = 0.95, r = 0.01) between participants 
with infected abdominal surgical wounds (median = 86 cm, IQR = 78–94 cm, 
N = 15) and those with non-infected ones (median = 86 cm, IQR = 79.5–93.5 
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cm, N= 45). Similarly, no differences were found for the thickness of adipose 
tissues (U= 285.0, Z = –0.90, p = 0.37, r = 0.12) between participants with 
infected wounds (median = 18 mm, IQR = 8–21 mm, N = 15) and those with 
non-infected ones (median = 18 mm, IQR = 12–23.5 mm, N= 45). Lastly, the 
same applied to the length of surgical incision (U= 314.0, Z = –0.43, p = 0.67, 
r = 0.06) between participants with infected wounds (median = 6 cm, IQR = 
5.5–6.5 cm, N = 15) and those with non-infected ones (median = 6 cm, IQR = 



















Table 7  
 
Clinical Data between the Non-infected and the Infected Surgical Wound Groups (N=60) 
 
 Infected abdominal 
surgical wounds 
N = 15 
Non- infected abdominal 
surgical wounds  
N = 45 
  
Characteristics F % f % χ2 p-value 
BMI category 
     
    Underweight 2 13.3 3 6.7 
0.81 0.67 NS     Normal/Pre-Obese   12 80.0 40 88.9 
    Overweight 1 6.7 2 4.4 
Type of surgical procedure     
     Closure of Ileostomy 11 73.3 34 75.6 
0.03a 1.00 NS      Closure of Colostomy 4 26.7 11 24.4 
Site of Wound       
     Right Lumbar 12 80.0 31 68.9 
1.77 0.78 NS 
     Umbilicus 0 0.0 2 4.4 
     Left Lumbar 2 13.3 8 17.9 
     Right Hypochondriac   0 0.0 2 4.4 
     Left Hypochondriac   1 6.7 2 4.4 
       
Characteristics Mean   SD Median  Range Mean   SD  Median   Range Z p-value 
Abdominal 
Girth (cm) 









5.93     0.65 6.00        5–7 6.10    0.94 6.00          5–10 –0.43 0.67 NS 
p-value determined by Chi-square test for BMI category, types of surgical 
procedure and site of wound 
p-value determined by Mann-Whitney U test for abdominal girth, adipose 
tissue thickness and length of abdominal surgical wounds  
NS = not significant, a = Fisher’s exact test was used for calculation given the 
presence of more than 20% of the cells with an expected frequency < 5 and/ or  
the presence of cells with an expected frequency < 1. 
 
A total of 38 participants had their blood samples taken for analysis of 
neutrophil count, monocyte count and CRP level after surgery. These 
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parameters were compared for differences between participants with infected 
(N = 12) and non-infected (N = 26) abdominal surgical wounds. Table 8 
outlined the means and standard deviations for the neutrophil count, monocyte 
count and CRP level taken on the Day 4 after surgery for each group. The 
results revealed a higher median neutrophil count for participants with non-
infected abdominal surgical wounds (median = 75.7%, IQR = 10.3–89.0%, N 
= 26) than those with infected ones (median = 73.6%, IQR = 64.0–82.9%, N = 
12), a statistically insignificant difference between the two groups (U = 146.5, 
Z = –0.29, p = 0.77, r = 0.05). The monocyte count has a higher median value 
in participants with infected abdominal surgical wounds (median = 7.5%, IQR 
= 4.0–14.4, N = 12) than participants with non-infected abdominal surgical 
wounds (median = 6.8%, IQR = 3.5–12.4%, N = 26), but it was statistically 
insignificant difference between the groups (U =132.5, Z = –0.74, p = 0.46, r = 
0.12).  Lastly, the CRP levels, which were observed to be higher among 
participants with infected wounds (median = 47.8 mg/L, IQR = 16.3–281.0 
mg/L, N = 12) than those with non-infected ones (median = 36.8 mg/L, IQR = 
5.8–183.0 mg/L, N = 26), was also statistically insignificant difference (U= 









Table 8  
 
C-reactive Protein Level, Neutrophil Count and Monocyte Count between the Non-infected and 
the Infected Surgical Wound Groups after Surgery (N = 38) 
 
 Infected abdominal surgical 
wounds 
N = 12 
Non-infected abdominal 
surgical wounds  
N = 26 
  
Characteristics Mean  SD Median   IQR Mean   SD Median   IQR Z p-value 
Neutrophils 
count (%) 
73.2    5.9 73.6   64.0–82.9 69.8   19.3 75.7  10.3–89.0 –0.29  0.77 NS 
Monocytes 
count (%) 
8.1     3.3 7.5     4.0–14.4 7.2     2.3 6.8     3.5–12.4 –0.74  0.46 NS 
CRP level 
(mg/L) 
84.7    83.6 47.8   16.3–281.0 58.9  52.5 36.8  5.8–183.0 –.1.01 0.32NS 
p-value determined by Mann-Whitney U test 
NS = not significant 
 
Temperature readings of abdominal surgical wounds between SSI 
and non-SSI across day 0 day 4  
The median and IQR values of the abdominal surgical wound temperature 
readings were analysed for differences. The median body core temperature for 
participants with SSIs was 36.4°C (IQR = 36.1°C - 36.7°C) (mean = 36.3°C, 
SD = 0.4°C). The median body core temperature for participants with no SSIs 
was 36.4°C (IQR = 36.2°C - 36.7°C) (mean = 36.4°C, SD = 0.3°C). For non-
infected surgical wounds, the mean skin surface temperature readings taken 
from Days 0 to 4 after surgery ranged from 33.9°C to 35.6°C whereas the 
median skin surface temperature readings ranged from 33.8°C to 35.7°C. For 
infected surgical wounds,  the mean skin surface temperature readings taken 
from Days 0 to 4 after surgery ranged from  34.1°C to 35.4°C whereas the 
median skin surface temperature readings ranged from 33.8°C to 35.6°C 




(a) Mean temperature of the infected and non-infected surgical wound from 
Days 0 to 4 
 
 
(a) Median temperature of the infected and non-infected surgical wound from 
Days 0 to 4 
 
Figure 21. Graph for the mean and median temperature of the infected and 
non-infected surgical wounds taken from Days 0 to 4. 
 
The Friedman test was conducted to compare the surgical wound surface 
temperatures at Day 0, Day 1, Day 2, Day 3 and Day 4 for both infected and 
non-infected surgical wounds. The results indicated that there was a 
statistically significant difference in temperature taken at Day 0 to Day 4, χ2 
(4, n = 12) = 14.8, p < 0.005 for infected surgical wound. Inspection of the 
median values revealed a gradual increase in temperature along the days: at 








Day 0 Day 1 Day 2 Day 3 Day 4









Day 0 Day 1 Day 2 Day 3 Day 4
Non-infected surgical wound Infected surgical wound
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= 33.7–35.2°C), to Day 2 (median = 34.8°C, IQR = 34.1–35.4°C) to Day 3 
(median = 35.5°C, IQR = 35.1–35.9°C) and Day 4 (median = 35.6°C, IQR = 
34.8–36.1°C). The results also indicated that there was a statistically 
significant difference in temperature taken at Day 0 to Day 4, χ2 (4, n = 39) = 
54.1, p < 0.001 for non-infected surgical wound. Inspection of the median 
values also revealed a gradual increase in temperature along the days: at Day 0 
(median = 33.7°C, IQR = 33.1–34.8°C) to Day 1 (median = 35.2°C, IQR = 
34.6–35.7°C), to Day 2 (median = 35.5°C, IQR = 34.8–36.1°C) to Day 3 
(median = 35.7°C, IQR = 34.9–36.5°C) and Day 4 (median = 35.6°C, IQR = 
34.8–36.6°C). 
 
The mean temperature differences in the surgical wound surface at Day 0 was 
(non-infected: 33.9°C; infected 34.1°C); Day 1 (non-infected: 35.1°C; infected 
34.3°C); Day 2 (non-infected: 35.5°C; infected 34.7°C); Day 3 (non-infected: 
35.5°C; infected 35.4°C); and Day 4 (non-infected: 35.6°C; infected 35.4°C). 
The median temperature differences in the surgical wound surface at Day 0 is 
(non-infected: 33.8°C; infected 33.8°C); Day 1 (non-infected: 35.3°C; infected 
34.6°C); Day 2 (non-infected: 35.5°C; infected 34.9°C); Day 3 (non-infected: 
35.7°C; infected 35.3°C); and Day 4 (non-infected: 35.6°C; infected 35.6°C). 
The non-infected surgical wounds had generally higher mean and median 
temperature readings than infected surgical wounds, but only Day 1 and Day 2 




The Mann Whitney U test revealed no statistically significant difference in the 
temperature readings on Day 0 (immediately after surgery), Day 3 and Day 4 
after surgery between participants with non-infected surgical wounds and 
those with infected ones (Table 9). However, statistically significant 
differences were detected in the highest surgical wound temperature readings 
on Day 1 (U = 211.5, Z = –2.15, p = 0.03, r = 0.27), and Day 2 after surgery 
(U = 220.0, Z = –2.01, p = 0.04, r = 0.25) between the infected and non-
infected abdominal surgical wounds.  Likewise, statistically significant 
differences were detected in the median surgical wound temperature readings 
on Day 1 after surgery (U = 216, Z = –2.07, p = 0.03, r = 0.26) and Day 2 after 
surgery (U = 171.5, Z = –2.83, p = 0.005, r = 0.36) between the infected and 
non-infected abdominal surgical wounds. A statistically significant difference 
was also observed in the lowest surgical wound temperature readings on Day 2 
after surgery (U = 185.5, Z = –2.59, p = 0.009, r = 0.33). For Days 1 and 2 
after surgery, the temperature readings of the infected abdominal surgical 
wounds were found to be significantly lower than those of the non-infected 
ones; for Days 3 and 4, no such significant differences were observed.  
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Table 9   
 





             Temperature (°C) 
 Non-infected            Infected   
  Median IQR Median IQR Z p-value 
    
Immediately after 
surgery – Day 0  
(N = 57) 
Body core temperature 36.3 35.8–37.3 36.3 35.4–37.3 –.44 .66 NS 
Highest skin surface temperature 35.1 31.6–37.1 34.9 33–36.9 –2.44 .80 NS 
Lowest skin surface temperature 33.0 29–35.8 32.4 31.2–36 –.01 .99 NS 
Median skin surface temperature 33.8 30.8–36.4 33.8 32.1–36.3 –.19 .84 NS 
After surgery – 
Day 1   
(N = 60) 
Body core temperature 36.7 36–37.8 36.4 35.9–37.0 –1.21 .22 NS 
Highest skin surface temperature 36.0 32.6–38 35.5 33.8–36.6 –2.15 .03* 
Lowest skin surface temperature 34.4 31.5–36.8 33.4 31.3–35.8 –1.84 .06 NS 
Median skin surface temperature 35.3 32.4–37.7 34.6 32.1–36.2 –2.07 .03* 
After surgery – 
Day 2 
(N = 60) 
 
Body core temperature 36.5 35–38 36.6 36–37.2 –.53 .59 NS 
Highest skin surface temperature 36.1 34.3–37.5 35.8 33.9–36.4 –2.01 .04* 
Lowest skin surface temperature 34.8 32.3–36.9 33.9 31.9–34.9 –2.60 .01* 
Median skin surface temperature 35.5 32.6–37.2 34.9 33.2–35.6 –2.84 .01* 
 
After surgery – 
Day 3  
(N = 58) 
Body core temperature 36.3 36–37.4 36.2 36–37.4 –1.40 .16 NS 
Highest skin surface temperature 36.0 33.2–38 35.8 34.3–37.7 –.79 .43 NS 




            p-value determined by Mann-Whitney U test 
        NS = not significant 






 Median skin surface temperature 35.7 32.2–37.6 35.3 34–36.5 –1.03 .30 NS 
       
After surgery – 
Day 4  
(n = 50) 
Body core temperature 36.5 36–38.9 36.4 36.1–37.8 –.11 .91 NS 
Highest skin surface temperature 36.1 33.9–38.6 35.9 33.8–37 –.58 .56 NS 
Lowest skin surface temperature 35.3 31.7–37.8 34.9 31.7–35.8 –.85 .39 NS 





Infrared thermal images of abdominal surgical wounds from Day 0 
till Day 4 after surgery  
 A total of 318 infrared thermal images were collected from 45 participants 
with non-infected abdominal surgical wounds and 15 with infected ones 
(Appendix F). A general description of these infrared thermal patterns for the 
non-infected and infected surgical wounds was presented independently for 
comparison in this section. According to Ammer & Ring (2008), the 
production of infrared thermal images depends on the generation of heat owing 
to the amount of blood ﬂow to the skin surface. For ease of interpretation and 
discussion, surgical wounds with adequate blood flow (represented by yellow, 
red and white colours) were described as ‘warm’ whereas those with 
inadequate blood flow (represented by purple, blue and green colours) were 
described as ‘cold’.  
 
Before surgery, the infrared thermal images of the abdominal region with the 
enterostoma were captured (Figure 22). The enterostoma was identifiable as 
blue and green, indicating that it was colder than the peristomal skin surface 
which was characterized by white, red or yellow colour. There were no 
differences in infrared thermal patterns between participants with infected and 







Figure 22. An illustration of an infrared thermal image taken over an 
abdominal region with the enterostoma before surgery (Participant 30). The 
scale on the right of each thermograph shows the range of temperature. 
 
Immediately after surgery (day 0), the surgical incisions were identified in 
relation to the staple landmarks reflected in green or blue colours. The surgical 
incisions were embedded within the surrounding skin and characterized by 
green, blue and purple colours, so were commensurate with lower temperature 
readings (Figure 23).  
 
            Non-infected surgical wound               Infected surgical wound   
 
Figure 23. An illustration of the infrared thermal images of abdominal skin 
surfaces belonging to one participant of normal weight with a non-infected 
abdominal surgical wound (Participant 36) and another with an infected one 
(Participant 8) immediately after surgery. The scale on the right of each 
thermograph showed the range of temperature. 
 
By Day 1 after surgery, distinctive infrared thermal patterns emerged for the 






wound, the incision characterized by green and yellow colours diminished in 
size and morphed into a mono-coloured shade of red and white, suggesting its 
nascent ‘warmness’ in comparison to the previous ‘coldness’ observed on Day 
0 (Figure 24a). In contrast, for the infected surgical wound, notwithstanding the 
emergence of (minimal) yellow colouration near the incision indicative of 
warming, strips of blue or purple colours remained and had a lower 
temperature reading than the surgical skin surface, suggesting its persistent 
‘coldness’ (Figure 24b) and highlighting a marked difference in appearance 
compared to the non-infected wound.  
 
        (a) Non-infected surgical wound            (b) Infected surgical wound   
 
Figure 24. An illustration of the infrared thermal images of abdominal skin 
surfaces belonging to one participant of normal weight with a non-infected 
abdominal surgical wound (Participant 36) and another with an infected one 
(Participant 8) on Day 1 after surgery. The scale on the right of each 
thermograph showed the range of temperature. 
 
 
On Day 2 after surgery, the infrared thermal colouration of the non-infected 
surgical incision showed uniform warming of the surgical incision, for which 
no ‘cold’ spots were observed from most of the infrared thermal images 
(Figure 25a). On contrary, the infrared thermal colouration of the infected 
surgical wound was still visible as blue and purple green along the incisions, 
suggesting that it was still ‘cold’ (Figure 25b).  Two features could hitherto be 
Signs of warming up 
along incision 
Incision showed no 
signs of warming up 
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concluded for an infected surgical wound from the infrared thermal images by 
Day 2.  The first as the partial warming of the skin surrounding the surgical 
incision and the second was the manifestation of ‘cold’ surgical incisions in 
infected surgical wounds, both of which constituted distinguishing features 
compared with a non-infected surgical wound. 
 
 (a) Non-infected surgical wound            (b) Infected surgical wound   
 
Figure 25. An illustration of the infrared thermal images of abdominal skin 
surfaces belonging to one participant of normal weight with a non-infected 
abdominal surgical wound (Participant 36) and another with an infected one 
(Participant 8) on Day 2 after surgery. The scale on the right of each 
thermograph showed the range of temperature. 
 
By Day 3 after surgery, the infrared thermal colouration of the non-infected 
surgical wound had remained as white, suggesting that the area was still 
‘warm’ (Figure 26a). However, the infrared thermal colouration of the infected 
wound had remained predominately visible as blue and green, suggesting that 









 (a) Non-infected surgical wound           (b) Infected surgical wound   
 
Figure 26. An illustration of the infrared thermal images of abdominal skin 
surfaces belonging to one participant of normal weight with a non-infected 
abdominal surgical wound (Participant 36) and another with an infected one 
(Participant 8) on Day 3 after surgery. The scale on the right of each 
thermograph showed the range of temperature. 
 
By Day 4 after surgery, the non-infected surgical wound had remained ‘warm,’ 
for which no ‘cold’ spots in the abdominal infrared thermal patterns were 
detected (Figure 27a). Conversely, the infected surgical wound was 
characterized by ‘cold’ spots of green or blue colour (Figure 27b). Upon verbal 
assessment, the participant did not verbalize any pain over their surgical 
wound; likewise, upon physical assessment, the surgical wound did not exhibit 














   
        (a) Non-infected surgical wound          (b) Infected surgical wound   
 
Figure 27. An illustration of the infrared thermal images of abdominal skin 
surfaces belonging to participants of normal weight. The left panel showed the 
infrared thermal image of a non-infected abdominal surgical wound 
(Participant 36); the right showed that of an infected one (Participant 8) on Day 
4 after surgery. The scale on the right of each thermograph showed the range of 
temperature. 
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                      Before surgery                          Immediately after surgery   
  
 
                  First day after surgery                   Second day after surgery 
 
 
                 Third day after surgery                  Fourth day after surgery 
 
Figure 28. An illustration of the digital images of an abdominal skin surface 
for a participant of normal weight (Participant 8). The images of this infected 
abdominal surgical wound were taken before surgery, immediately after 
surgery, and on the first, second, third and fourth days after surgery.  
 
To conclude, depending on the infection-related status, the surgical wounds 
could be described as either ‘warm’ (non-infected) or ‘cold’ (infected) from the 
infrared thermal images, providing a distinguishing feature  with potential 
clinical utility between non-infected and infected surgical wounds. 
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In Phase I, statistically significant lower temperatures were observed in 
abdominal skin surface with respect to increasing distances (30 cm, 60 cm and 
100 cm) but no statistical significant differences in abdominal skin surface 
temperature reading between weight categories (underweight, normal/pre-
obese and obese). Therefore, the observations rejected the first hypothesis but 
not the second hypothesis, supporting that the abdominal skin surface 
temperature reading only decreased with increasing distances. In Phase II, 
statistically significant lower temperatures are observed in infected surgical 
wounds in the first four days after abdominal surgery, rejected the third 
hypothesis. The finding, however, suggested a lower temperature of the 
infected surgical wound, instead of a higher reading than the non-infected 
surgical wound. Therefore, a cooler infrared thermal pattern was observed in 

















The first section of this chapter discussed the findings from Phase I in which 
the effects of distances and BMI categoried on abdominal skin surface 
temperature readings were examined. These findings helped in the further 
elucidation of abdominal skin surface temperature readings and infrared 
thermal patterns for non-infected and infected abdominal surgical wound 
surfaces in Phase II. The second section discussed the temperature readings and 
infrared thermal patterns between non-infected and infected abdominal surgical 
wound surfaces. 
 
Phase I   
The findings of Phase I met the first and second objectives to examine the 
differences in the abdominal skin surface temperature readings at different 
distances (30 cm, 60 cm and 100 cm) and in the BMI category as stratified by 
weight (underweight, normal/pre-obese  and obese). Findings from this phase 
revealed statistically significant differences in the abdominal skin surface 
temperature with increasing distance but no such differences were found for 
the different BMI categories as hypothesized. These findings were discussed in 




 Effects of distances on abdominal skin surface temperature 
readings.  
In this phase, an infrared thermography was utilized to examine the distribution 
of the abdominal skin surface temperatures from a group of healthy 
participants at different distances to address the first objective. The temperature 
readings of the healthy participants’ umbilicus were found to decrease 
significantly with increasing distance from the infrared camera detector. The 
findings suggested that, with increasing distance from 30 cm to 100 cm 
between the umbilicus and the infrared camera detector, a decline in the mean 
value of temperature reading was observed from 35.9°C to 35.3°C (median: 
from 36.0°C to 35.4°C). The drop in mean temperature of the umbilicus from 
30 cm to 100 cm was 0.6°C (median: 0.6°C). There had not been any studies 
that reported the effect of distance (from 30 cm to 100 cm) on skin surface 
temperature readings. However, a study conducted on the effect of distance 
(between 100 cm to 200 cm) on skin surface temperature readings reported an 
average drop of 0.35°C on the human forehead surface, suggesting temperature 
readings decline with increasing distance (Cheung, Chan, Launder, & Kumana, 
2008). Possible reasons that affected the abdominal skin surface temperature 
readings measured from a distance were primarily atmospheric factors 
including air movement, atmospheric temperature and relative humidity 
(Klaus-Dieter, 2003). This was because these three factors involved 
components such as water vapour and gases that might influence the human 





The first factor was air movement, which might cause heat loss from the skin 
surface through convection. However, in this study, the temperature readings 
were unlikely to have been affected by it because the air in the room was 
evenly diffused with no direct air draught targeting at one point and the overall 
air speed was maintained below the speed of 0.01ms-1. Therefore, the 
likelihood of heat loss from the skin in this study through convection was 
minimized. The next factor was the atmospheric temperature, which was 
maintained between 24.0°C and 24.3°C at the point of measurement and the 
human ‘core’ temperature of the participants were ranged from 35.8°C to 
37.4°C. Although there was a concern in convection due to a temperature 
gradient, Ammer and Ring (2008) stated that body thermoregulation would not 
be affected if the atmospheric temperature were maintained at a stable reading, 
which did not cause the participants to shiver or perspire. Therefore, the 
temperature readings of the abdominal skin surface were also unlikely to have 
been affected by the atmospheric temperature.  
 
The last atmospheric factor was relative humidity, which refered to the amount 
of invisible water vapour in the atmosphere expressed in percentage (Allaby, 
2013). In this phase, the recorded relative humidity was between 60.0% and 
62.0%, which was consistent with Singapore's geographical location and 
maritime exposure. Atmaca and Yijit (2006) had found in their study that skin 
surface temperature changes were less than 0.1°C when participants were 
exposed to a relative humidity ranging from 40% to 80% at a room temperature 
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of 24.0°C. Another study also suggested no statistical significance in skin 
surface temperature when the relative humidity ranged from 60% to 90% at an 
atmospheric temperature of 20.0°C to 26.0°C (Fountain, Arens, Xu, Bauman, 
and Oguru, 1999). Therefore, these studies lended evidence to the observation 
that the relative humidity in this study did not cause the temperature reading of 
the abdominal skin surface to decrease. 
 
Instead, atmospheric temperature and humidity might affect the abdominal skin 
surface temperature readings through the transmission of water vapour in the 
atmosphere before the emitted heat reached the infrared thermal detector 
(Okamotoa, Toha, Nagataa, Tsuchiyaa, Suzukia, Shamotob, & Shikamaa, 
2004). The heat emitted by the abdominal skin surface might also be affected 
by the gases and particles in the ambient atmosphere through which it passed 
(Minkina, & Dudzik, 2009). Therefore, it was probable that a small fraction of 
the thermal heat emitted by the abdominal skin surface was absorbed by water 
vapour, gases and particles with increasing distance before reaching the 
infrared thermal detector, explaining the lower temperature reading associated 
with increasing distance.  
 
 Effects of BMI on abdominal skin surface temperature readings 
and infrared thermal patterns.  
The use of infrared thermography was utilized to examine the distribution of 
the abdominal skin surface temperatures from a group of healthy participants at 
different BMI category to address the second objective. With regard to the 
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BMI category, though not statistically significant, the temperature readings 
decreased with increasing BMI. The data indicatee that the abdominal skin 
surface temperature readings of obese participants (mean: 31.5°C – 32.3°C, 
median: 31.2°C – 32.3°C) tend to be lower than those of their underweight and 
normal/ pre-obese counterparts across the nine regions (mean: 31.9°C – 
33.0°C, median: 32.1°C – 33.6°C). The results were consistent with a study by 
Savastano et al. (2009) which reported a decline in the mean abdominal skin 
surface temperature of 31.80°C (+ 0.20°C) in obese participants compared to 
one of 32.80°C (+ 0.30°C) in normal participants. Anatomically, the specific 
sites with lower temperatures among the obese participants were the left 
hypochondria, epigastric, right hypochondria, right lumbar, umbilical, left iliac 
fossa and hypogastric regions in this study. For the underweight and 
normal/pre-obese participants, the infrared thermal patterns of these areas were 
shown to be of red and yellow shades. Conversely, for the obese participants, 
these sites exhibited large cool areas characterized by blue, purple and black 
shades.  
 
One possible explanation for lower temperature at these regions was most 
likely linked to a greater mass of adipose tissues deposit. According to 
Savastano et al. (2009), these regions are common sites for the deposition of 
excessive adipose tissues amongst the obese participants, who therefore have 
reduced heat loss compared to non-obese participants under thermoneutral 
conditions. Physiologically, adipose tissues served as a natural insulator to 
protect vital organs against extreme atmospheric temperatures (Willet, 2012) 
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and had lower thermoregulatory reflexes to modulate blood flow to the skin 
surfaces (Parsons, 1993). Thus, factors such as thicker adipose tissue layers, 
reduced skin blood flow and higher insulating effect might affect the amount of 
heat generated from the skin surface and slowed the rate of heat exchanges 
(Cross, Collard, & Nelson, 2008; Takahashi-Nishimura, Tanabe, & Hasebe, 
1997; Parsons, 1993).  
 
Another possible explanation could lied with the lower heat dissipation among 
the obese participants. The thicker adipose tissue layers had a lower thermal 
conductivity than thinner ones, resulting in slower cold-induced thermogenesis 
amongst the obese participants and lower temperature readings (Claessens-van 
Ooijen, Westerterp, Wouters, Schoffelen, van Steenhoven, & van Marken 
Lichtenbelt, 2006). Therefore, obese participants were less responsive to 
conduction, convection and evaporative loss than underweight and normal/ pre-
obese weight participants, explaining a lower abdominal skin surface 
temperature in this phase (Aita and Yoshizumi, 1994).  
 
In summary, the Phase I of study has examined the clinical measurement of 
surgical wound temperature using infrared thermography, specifically with 
regard to the effects of distance within 100 cm, which had not been studied 
before. The findings in this phase had showed that the temperature readings 
decreased when taken at increasing distances at 30 cm, 60 cm, and 100 cm, 
respectively, due to transmission loss when heat passed through the atmosphere 
before reaching the infrared thermal detector. Thus, in Phase II, it could be 
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extrapolated that lower temperature readings would likewise be observed for 
the surgical wound surfaces with increasing distance. To minimise the effect of 
atmospheric parameters on the abdominal skin surface temperature readings, 
Ammer and Ring (2008) have suggested that the distance between the 
abdominal skin surface and the infrared thermal detector should be minimised, 
i.e. the skin surface was to be as close as possible to the camera. Therefore, it is 
suggested that the closest possible distance to capture the full image of the 
abdominal region within the field of view across different BMI categories is 
100 cm. The findings on the baseline of the abdominal surface temperatures 
between the participants in the underweight, normal/ pre-obese weight and 
obese categories were also found to be different and should be taken into 
consideration when analysing abdominal surgical wound temperature. Since 
the thickness of the adipose tissues of obese participants played a pivotal role 
in providing insulation against cold temperatures, generating differences in 
skin surface temperatures across different abdominal regions, they were thus 
less likely to produce similar infrared thermal pattern across the abdomen as 
compared with participants in the underweight and normal/ pre-obese category 
in Phase II. Therefore, infrared thermal images of obese participants with 
surgical wounds located at specific regions (i.e. the left hypochondriac, 
epigastric, right hypochondriac, right lumbar, left iliac fossa, umbilical or 
hypogastric regions) might project a cooler abdominal skin surface infrared 





Phase II  
The findings of Phase II addressed the third and fourth objectives of observing 
the abdominal skin surface temperature readings and infrared thermal patterns 
of non-infected and infected abdominal surgical wound surfaces in the first 
four days after abdominal surgery. The surface temperature of the infected 
surgical wounds, however, were not higher than those with the non-infected 
ones as hypothesized and therefore were further discussed in the following 
sections.  
 
 Temperature readings of abdominal skin surfaces for non-
infected and infected surgical wounds from Days 0 to 4 after surgery. 
In this study, the non-infected surgical wounds observed over four days 
showed a statistically significant increase in their temperature readings from 
Days 0 to 2 before stabilizing on Days 3 and 4. As aforementioned in the 
literature review, the surgical wound entered the inflammatory phase in which 
neutrophils were released in the first 48 hours and CRP raised to a maximum in 
72 hours into the blood stream in response to the bacterial invasion at the 
surgical wound (Kolaczkowska, & Kubes, 2013). In this study, the value of 
neutrophils in participants with non-infected abdominal surgical wounds (mean 
= 75.7%, medium = 69.8%, SD = 19.3%) and CRP levels (mean = 58.9 mg/L, 
median = 36.8 mg/L, SD = 52.2 mg/L) were above the normal range, which 
therefore suggested the presence of phagocytic activities at the surgical wound. 
The resultant heat as a response to inflammation is released through the blood, 
causing the skin to become hyperaemic and warmer (Davis, 2008); this 
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explained the increasing trend in temperature readings for non-infected wounds 
from Days 0 to 2. However, on Days 3 and 4, the temperatures of the non-
infected surgical wounds stopped increasing (Day 2 median temperature = 
35.5°C, mean = 35.5°C; Day 3 median temperature = 35.7°C, mean = 35.5°C, 
SD = 1.3°C; Day 4 median temperature = 35.6°C, mean = 35.6°C, SD = 
1.1°C).  
 
The temperature of the infected surgical wounds was also observed over four 
days after surgery. In contrast to the non-infected counterparts, the infected 
surgical wounds showed an extended one-day elevation in temperature from 
Days 0 to Day 3 before stabilizing on Day 4 (Day 2 median temperature = 
34.9°C, Day 3 median temperature = 35.3°C, Day 4 median temperature = 
35.5°C). This might indicated prolonged phagocytic activity at the surgical  
wound after Day 2. After 48 hours, monocytes were triggered by the increased 
virulence of microbes and activated to the surgical wound to take over the role 
of neutrophils to continue phagocytosis (Martini, 2001). Though not 
statistically significant, the participants diagnosed with SSIs showed a higher 
mean monocytes of 8.1% (median = 7.5%, SD = 3.1%) than those without 
(median = 6.8%, mean = 7.2%, SD = 2.3%), suggesting a prolonged 
inflammation (van Ramshorst et al., 2010; Rankin, 2004). This therefore 
explained the continued rise in the temperature reading on Day 3 (Day 2 
median temperature = 34.9°C, mean = 34.7°C; Day 3 median temperature = 
35.3°C, mean = 35.4°C, SD = 0.7°C). On Day 4, the temperature stopped 
increasing (median temperature = 35.6°C, mean = 35.4°C; SD: 0.8°C). 
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Collectively, the temperature differences across Days 0 to 4 for both non-
infected and infected surgical wounds showed signs of warming up after 
surgery, as were consistent with the conventional concept that heat was 
associated with inflammation (Horan et al., 2008; Bishop & Lee, 1997). 
 
Although both non-infected and infected surgical wounds showed an 
increasing temperature trend within their groups over the first four days, the 
temperature of the infected wounds were noted to be lower than those of non-
infected ones. This finding therefore did not meet the initial statement as 
hypothesised. A between-groups comparison of the temperatures on Days 0 to 
4 suggested statistically significant lower temperature readings for the infected 
wounds on both Days 1 [mean difference of 0.7°C (median: 0.7°C)] and 2 
[mean difference of 0.8°C (median: 0.6°C)] than for non-infected ones. The 
infected wounds showed significantly lower temperature readings (median = 
34.6°C, mean = 34.3°C; SD = 1.2°C) than non-infected ones (median = 
35.3°C, mean = 35.1°C; SD = 1.1°C) on Day 1 after surgery. The same applied 
to Day 2, on which infected wounds (median = 34.9°C, mean = 34.7°C; SD = 
0.7°C) showed lower readings than non-infected ones (median = 35.5°C, mean 
= 35.5°C; SD = 0.9°C). As discussed in the literature review, the acute 
response to tissue injury begins with a constriction of arterioles at the surgical 
wound to stop the bleeding at the site of injury. Subsequently, the blood vessels 
dilate to elicit the acute inflammatory response, which typically starts 
spontaneously within minutes upon onset and resolves within hours to 
stimulate the release of neutrophils from the bone marrow to the surgical 
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wound to facilitate phagocytosis as part of the healing (Carter, Spence, 
Atkinson, Pugh, Cable, Thijssen, Naylor, & Green, 2014; Nilsson, 1987). 
When the vessels dilate, heat is generated from the increased blood flow at the 
surgical wound. Heat is also generated by the neutrophils during phagocytosis. 
Therefore, in this study, the heat detected from the infected surgical wound on 
Days 1 and 2, which showed a lower temperature than the non-infected 
surgical wound, might indicated these two probable underlying origins.  
 
Firstly, diminished blood flow might have been associated with the infected 
surgical wounds than the non-infected ones. According to Velnar, Bailey and 
Smrkolj (2009), lesser blood flow to the surgical wound delayed the acute 
inflammatory response to stimulate the body to generate chemotactic mediators 
(Nathan, & Ding, 2010; Trowbidge, & Emling, 1997). In this regard, Lawrence 
and Gilroy (2007) had found that such a failure to elicit such an acute 
inflammatory response would lead to delayed wound healing. Therefore, the 
participants with lower surgical wound temperature readings were likely to 
have SSIs. A decrease in blood supply to the surgical wound could also lead to 
insufficient nutrients and oxygen to be delivered to promote the growth of new 
tissues (Trowbidge, & Emling, 1997). Therefore, new tissues, which consist of 
a matrix of fibrin, fibronectin, collagen proteoglycans, glycosaminoglycans and 
other glycoproteins essential for proliferation at later stages of wound healing, 
would not be formed, explaining the slower apposition of wound margins 
beneath the incised epidermis. At the same time, pockets of interstitial fluid 
which did not generate heat accumulated beneath the skin surface of infected 
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surgical wounds due to poor lymphatic drainage (Carter et al, 2014; Wiig, & 
Swartz, 2012). This might therefore explained the lower temperature of the 
infected wounds on Days 1 and 2 and the resultant delay in acute inflammatory 
response. 
  
Secondly, a lower phagocytic activity might have been associated with the 
infected surgical wounds than with the non-infected ones. In this study, 
however, only insignificant differences in neutrophils were found between the 
two groups, as might be attributed to the small sample size (infected surgical 
wounds = 12, non-infected surgical wounds = 26). Given this limitation, it 
could not be determined in this study whether the infected surgical wounds 
showed lower phagocytic activity.  
   
To summarise, both infected and non-infected surgical wounds showed an 
increasing temperature trend over the first four days after surgery. In 
comparison, however, the findings revealed that lower temperature readings 
were observed with the infected surgical wounds in comparison to the non-
infected ones, with significant differences on Days 1 and 2. The probable 
reason concerned the lower blood flow to the wound and the resultant delayed 






Infrared thermal patterns of the non-infected and infected 
abdominal surgical wound surfaces.   
The infrared thermal patterns of the infected and non-infected surgical wounds 
were interpreted based on the colour spectrum (represented by purple, blue, 
green, yellow, red and white). Surgical wounds represented by yellow, red and 
white were described as ‘warm’ areas, spots whereas those represented by 
purple, blue and green were described as ‘cold’ areas, or spots. The 
interpretation of these ‘warm’ and ‘cold’ areas or spots were analysed with the 
temperature reading and discussed based on the physiology of surgical wound 
healing.  
 
Immediately after surgery, infrared thermal patterns denoting a ‘cold’ incision 
(as represented by purple, blue or green) were observed for both infected and 
non-infected surgical wounds.  The ‘cold’ incision had a median temperature of 
33.8°C (mean temperature for non-infected surgical wounds: 33.9°C; that for 
infected ones: 34.1°C). As aforesaid, interstitial fluid consisting mainly of 
glycosaminoglycans, salt solution, and plasma proteins accumulated beneath 
the surgical wound surface immediately after surgery in response to cell injury 
in order to exchange nutrients and waste products between blood capillaries 
and tissue cells (Sussman, & Bates-Jensen, 2012; Wiig & Swartz, 2012). As 
interstitial fluid contained few blood vessels, minimum heat was generated and 
thus it was shown as colder within the infrared thermal images. Given the 
variation in the volume of interstitial fluid from one surgical wound to another, 
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it followed that the ‘cold’ areas might likewise differ in size among the 
participants.  
 
On Day 1, the ‘cold’ incision of the non-infected surgical wound changed its 
colour to yellow, red and white with a median temperature of 35.3°C (mean = 
35.1°C), suggesting  ‘warming’ up. Under normal physiological wound 
healing, the amount of interstitial fluid beneath the skin surface for a surgical 
wound should reduced such that angiogenic capillaries could infiltrate the 
surgical wound to deliver nutrients and oxygen to promote tissue growth 
(Tonnesen, Feng, & Clark, 2000). This phenomenon, in the context of non-
infected surgical wounds, explained the diminution of the ‘cold’ areas and the 
‘warming’ pattern along the incision on Day 1 after surgery. However, in the 
context of infected surgical wounds, the infrared thermal pattern of the incision 
showed shades of yellow or red though shades of purple, blue or green spots 
remained visible along the surgical incision. Although there was an increase in 
the median temperature of 34.6°C (Day 0 median temperature = 33.8°C), the 
‘cold’ spots along the incision lowered the overall median temperature of the 
surgical wound. This explained the lower temperature associated with an 
infected surgical wound than with a non-infected one. The ‘cold’ spots along 
the infected surgical wound suggested insufficient blood supply or 
accumulation of interstitial fluid in that specific point. Scallan et al. (2010) had 
opined that prolonged accumulation of interstitial fluid in surgical wounds 
would limit the exchange of oxygen, nutrients and by-products for cellular 
metabolism (Scallan, Huxley, & Korthuis, 2010).  Accordingly, it might be 
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suggested that the ‘cold’ spots along the surgical incision on Day 1 after 
surgery was possibly a sign of excess interstitial fluid beneath the surgical 
wound and inadequate blood supply.  
 
On Day 2, the infrared thermal patterns of the non-infected surgical wounds 
remained in shades of yellow, red or white with a median temperature of 
35.5°C (Day 1 median temperature 35.3°C). As aforesaid, heat was associated 
with the presence of blood supply to the surgical wound, which was essential to 
deliver nutrients and oxygen for wound healing. Conversely, the infrared 
thermal pattern of the infected surgical wound on Day 2 continued to indicate 
visible spots or areas of purple, blue or green along the surgical incision, which 
was in yellow or red with a median temperature of 34.9°C (Day 1 median 
temperature = 34.6°C). Although the temperature of the infected surgical 
wound has increased slightly, the ‘cold’ spots along the surgical incision lower 
the overall mean and median temperature of the infected surgical wound. Since 
studies have suggested that an adequate supply of blood within the wound bed 
was required to deliver oxygen and to sustain normal wound healing, the 
presence of ‘cold’ spots along the surgical wound was suggested to specific 
points indicating poor blood supply (Demidova-Rice, Hamblin, & Herma, 
2012; Guo, & DiPietro, 2010). Therefore, ‘cold’ spots as observed on Day 2 
might implied a disruption of blood supply to the surgical wound, leading to 




On Days 3 and 4, the infrared thermal patterns of the non-infected surgical 
wounds continued to show a uniformly distributed shade of red or white with a 
median temperature of 35.7°C on Day 3 and one of 35.6°C on Day 4.  
Compared with the infrared thermal patterns on Day 2 (median = 35.5°C, mean 
= 35.5°C), there were minimal differences in the colours. For the infected 
surgical wounds, there were signs of warming up with colours turning from 
blue to yellow shades of colour. However, ‘cold’ spots along the surgical 
incision remained visible within the infrared thermal images on Day 3 (median 
= 35.3°C, mean = 35.4°C) and Day 4 (median = 35.6°C, mean = 35.4°C). 
Whereas the presence of ‘cold’ spots was suggestive of poor blood flow on 
Days 1 and 2, the presence of such ‘cold’ spots on Days 3 and 4 would led to 
the formation of dead space due to dehiscence. This was because, given such 
poor blood flow or hindered angiogenesis, the concomitant impairment in the 
delivery of essential supplies e.g. oxygen and nutrients to the surgical wound 
would culminated in wound dehiscence and infection.   
 
In essence, the presence of ‘cold’ spots was a distinctive feature found in 
infected surgical wounds from Days 0 to 4 after surgery. The student believed 
that such ‘cold’ spots were associated with suboptimal healing because of poor 
blood supply to the surgical wound, contributing to the low temperature at 
Days 1 and 2. Copious research in the literature had found that poor blood 
supply to sites of injury was a direct cause of poor cellular oxygen perfusion 
leading to tissue hypoxia (Al-Qattan, & Al-Kattan, 2004; Holzheimer, & 
Mannick, 2001). Tissue hypoxia hindered angiogenesis and appositional 
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growth of the subcutaneous tissues and muscle layers, causing wound 
dehiscence. Holzheimer and Mannick (2001) had further stated that poor blood 
supply can be exacerbated by the accumulation of interstitial fluid. This might 
also suggested that the ‘cold’ spots in the infrared thermal images represented 
collections of fluid beneath the surgical wound preventing blood flow to the 
wound. Such spots provide important information for the identification of the 
location for poor apposition of wound margins beneath the surgical incision 
which ordinarily were not discerned on physical assessment.  
 
Conclusion 
In this study, the infrared thermal patterns and temperature readings of surgical 
wound surfaces were observed for detection of infection in the first four days 
after surgery using infrared thermography. This was conducted in two phases. 
In Phase 1, the differences in abdominal skin surface temperature readings 
were examined at distances of 30 cm, 60 cm and 100 cm. The findings 
suggested that the temperature detected by the infrared thermal camera was 
significantly lower than the actual reading with increasing distance due to 
transmission loss. Within the same phase, lower abdominal skin surface 
temperature readings, although not statistically significant, were also noted 
among patients with a higher BMI due to thicker adipose tissue layers. 
Accordingly, the infrared thermal patterns and temperature readings of the skin 





In Phase 2, the temperature readings for both infected and non-infected surgical 
wounds had showed an increasing trend in the first four days after surgery. 
However, infected surgical wound did not show a higher temperature reading 
than the non-infected surgical wound as hypothesized, with significant 
differences in temperature on Days 1 and 2, suggesting that the infected 
surgical wound might not be receiving sufficient blood supply. A surgical 
wound with poor blood supply was seen as ‘cold’ within the infrared thermal 
images represented by purple, blue and green colours. Such differential 
features might find utility in enabling early detection of SSI within the first 
four days after surgery for early intervention and effective treatment. 
Nevertheless, though this study suggested that lower temperature and the 
presence of ‘cold’ areas (in infrared thermal images) in the first four days could 
possibly detect SSI, further research on larger sample size and a longer 
observation period beyond the first four days were recommended.  
 
Implication of Study for Nursing Practices 
Assessment of surgical wound for infection is an integral part of nursing 
management in the care of patients after surgery. However, inconsistent 
assessment and nursing practices, often led to inconsistent surgical wound 
assessment with incomplete charting and unclear documentation of surgical 
wound conditions (Gillespie, Chaboyer, Kang, Hewitt, Nieuwenhoven, & 
Morley, 2014). One of the four cardinal signs of infection, heat, is often 
assessed based on patient’s subjective description and thus might have limited 




In this study, the sign of heat was converted into temperature readings using an 
infrared thermal camera. The findings had suggested that the readings of the 
infected wounds were lower than those of the non-infected ones. However, as 
suggested in Phase I, temperature readings taken between 30 cm to 100 cm 
could affect the accuracy of the temperature readings. Hence, detection of 
infected surgical wound should not rely solely on its temperature readings. 
Within the infrared thermal image, coloured spots (purple, blue and green) 
discerned as ‘cold’ along the surgical incision reflected low temperature and 
could serve as a potential proxy indicator for nurses to detect SSIs. Therefore, 
through the measurement of surgical wound temperature and observation for 
'cold' spots during wound assessment, it might find clinical utility in providing 
an objective wound assessment in the detection of SSIs.  
 
The CDC criteria are a common assessment tool used to detect SSIs occurring 
within 30 days of surgery, the inconvenience is that the majority of the patients 
will typically have been discharged from the hospital by that period. Smith et 
al. (2014) had used the CDC criteria in their surveillance study and reported 
that 49% of the SSIs were detected in the community following discharge. 
Therefore, concerns arise considering the likelihood of delayed treatment, 
resulting in prolonged recovery and higher healthcare costs. Based on the 
findings in this study, it has been demonstrated that surgical wounds with 
inadequate blood supply, shown as ‘cold’ spots, could be detected in the first 
four days after surgery. However, the detection of ‘cold’ spots on obese 
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participants might be challenging due to a cooler skin surface thermal pattern 
as shown in Phase I. Therefore, taking ‘cold’ spots, as part of the consideration 
to support the healthcare professional clinical evaluation of surgical wound 
should preferably coincided together with the signs and symptoms of SSI or the 
CDC criteria to improve the current surgical wound assessment practice. 
 
Implications of Study for Research  
To the knowledge of the student, this was the first study that elucidated the 
infrared thermal patterns and temperature readings of surgical wounds as part 
of a nurse-led improvement in surgical wound assessment. In this study, the 
differential features associated with the infected surgical wounds – lower 
temperature readings and ‘cold’ spots or areas – render possible the early 
detection of SSIs in the first four days after surgery. It should, however, be 
highlighted that this study has a small sample size. Therefore, further research 
expanding to multi-centres studies should be conducted to increase the sample 
size to observe the temperature trend of both the infected and non-infected 
surgical wound.  
 
During data collection, the temperature and infrared thermal images of the 
abdominal surgical wounds were taken with the participants in either a lying or 
semi-fowler’s position due to pain and discomfort after surgery. Therefore, 
different amount of neighbouring incident heat might affect the heat emitted 
from the surgical wound during the temperature measurement. Although the 
effect of neighbouring incident heat would be low if the infrared thermal 
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camera covered the instantaneous field of view completely, it was suggested 
that future research measuring the surgical wound surface temperature should 
be done with the participants in the same position to allow accurate 
measurement of its temperatures. 
 
As the focus of this study was directed towards wounds in the colorectal-
related abdominal region which might cause a selective bias and might reduce 
the external validity. It was also suggested that further research be conducted 
on other sites of the body with adipose tissues of different thickness and 
curvature of the anatomical structures such as the head, chest, hands and legs to 
determine whether similar temperature readings and ‘cold’ spots were seen 
along the surgical incision in from Days 1 to 4 after surgery.  
 
With regard to the descriptions of the surgical wounds, it was acknowledged 
that the colour descriptions used in this study were restricted to the colour 
palette for the 'rainbow'. Therefore, changes in modes from colours to black 
and white might affect the descriptions of the infrared thermal images. More 
research would be needed to quantify the temperature readings of infected and 
non-infected wounds in a manner independent of the colour palette.  
 
Finally, this study focused on temperature readings and infrared thermal 
images during the inflammatory phase. Therefore, the observation period of the 
wounds was limited to the first four days after surgery. Since the mean number 
of days taken to detect SSIs in this study was 7.8 days, future research may 
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extend the observation period beyond the inflammatory phase to Days 5, 6, 7 
and 8 to investigate further temperature and infrared thermal patterns changes 
in an infected surgical wound.    
   
Limitations of Study 
Limitations specific to clinical setting, participants and methodology in Phase I 
and II were identified in this study. Firstly, for sample size, only thirty 
participants were recruited in Phase I because of time constraints. Therefore, 
there was variation for smaller number after dividing the thirty participants into 
their respective BMI sub-group, resulting in insufficient statistical power to 
detect a difference in the skin surface temperature between different BMI 
categories. In Phase II, although the number of a sample-size calculation was 
conducted based on the infection rate, this study could not meet the desired 
sample size due to constraints in the availability of participants and time. 
Therefore, this study might not have had sufficient statistical power to detect a 
difference in the surgical wound surface temperature due to a small sample 
size. Secondly, the student was unable to examine participants who were 
transferred into the High Dependency Unit immediately after surgery due to a 
change in patient’s condition in Phase II. Although data collection was 
resumed the following day when the participants were transferred back to 





The third limitation concerned the variability of the measurement points of the 
participants’ abdomens. To detect differences from Days 0 to 4, this study 
involved daily measurement of temperature along the surgical wound, for 
which the wound staples were used as landmarks to identify the measurement 
points in each infrared thermal image. However, the number of such 
measurement points differed for each participant because their wounds were 
located at various abdominal sites with different incision lengths and numbers 
of staples. Therefore, some participants might have had more measurement 
points than others; this resulted in the variability of the measurement points 
which could not be avoided.  
 
Fourthly, the infrared thermography was used to measure the surface 
temperature of surgical wounds to detect early signs of SSIs. As infrared 
thermal imaging produces infrared thermal patterns of the surgical wound 
surface based on blood ﬂow, measurement must be made as close as possible to 
the true value of the temperature. Although preliminary findings from Phase I 
suggested that the distance between the surgical wound surface and the infrared 
camera detector be maintained at 100 cm in Phase II, the execution of such 
manoeuvres was limited by the participants’ physical weakness to stand upright 
after their surgery for an exact measurement to be made. Therefore, the student 
used her arm as a gauge for measurement to estimate the distance between the 
wound surface and the detector while the patient remained lying in the bed. As 
the distance between abdominal surgical wound surface and infrared thermal 
detector was not measured using an instrument i.e. the ruler, there might have 
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been slight deviations in the distance. It was unknown if it would had an 
impact on the temperature readings. Therefore, to reduce the effect on 
temperature readings caused by distance, an infrared thermal camera with a 
wider field of view was recommended. This allowed a full image of the 
abdominal region to be captured within a shorter distance. 
 
The fifth limitation of this study was the lack of control over the ambient 
conditions such as temperature and humidity level because the participants 
were allocated into different clinical rooms (Class A, Class B1, Class B2 
rooms) according to their choice. However, literatures had suggested that the 
recorded ambient temperature and humidity level in this study had minimum 
effect on the surgical wound surface. The sixth limitation concerned the 
position of the participants during infrared thermal imaging. This was because 
the participants experienced pain after closure of enterostoma and encountered 
difficulty in adjusting their body after surgery. Therefore, the infrared thermal 
images had to be taken either supine or semi-Fowler’s position according to the 
participants’ comfort level. Finally, while every effort was made to obviate the 
undesirable effects of distance, camera angle and radiation reflection on 
apparent temperature, the perimeter of each ‘cold’ spots could not be 












This thesis has elucidated the thermal patterns of surgical wounds using a non-
invasive and no-contact infrared thermography to determine the presence of 
SSIs in the first four days after enterostoma closure. Temperature changes over 
the surgical skin surface was affected by the amount of heat emitted from the 
skin surface. The use of infrared thermography aids in quantifying the 
otherwise subjective sense of heat into temperature readings and infrared 
thermal patterns during the inflammatory process. In this study, it has been 
demonstrated that the temperature readings and infrared thermal patterns could 
be used to differentiate infected surgical wounds from non-infected ones 
between Days 1 to 4 after surgery through the assessment for ‘cold’ spots/ 
areas along the incision, which might meritoriously enabled early detection of 
SSIs.  The infected surgical wound, which did not show a higher temperature 
reading than the non-infected surgical wound, suggested that the infected 
surgical wound might not be receiving sufficient blood supply. The infrared 
thermal patterns also provided a visual image of the temperature differences 
along the surgical incision with ‘cold’ spots/ areas represented by purple, blue 
and green colours. Therefore, by observing for these 'cold' spots/ areas along 
the surgical incision, it pinpointed the exact location that has low blood supply, 
thereby alerting the nurse to initiate further assessment and perform treatments 
promptly. In Phase I, however, the temperature readings had shown to be 
affected by distance and BMI and that should be taken into consideration when 




Through the measurement of surgical wound temperature and observation for 
'cold' spots during wound assessment, it might have utility in the detection of 
SSIs and improved the current clinical evaluation of surgical wounds. Early 
detection of SSI is essential and believed to initiate prompt clinical 
intervention, reduced treatment intensity and costs. Nevertheless, though this 
study suggested that lower temperature and the presence of ‘cold’ areas (in 
infrared thermal images) in the first four days could possibly detect SSI, further 
research on larger sample size and a longer observation period beyond the first 
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Appendix F: Infrared Thermal Images of Infected and Non-infected 
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